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Abstract

This study develops a computer simulation model of manned and

unmanned penetrators in a strategic scenario in order to evaluate the

effects of various force mix combinations of cruise missiles and manned

bombers. The model is largely based on three generations of strategic

weapons to be used in a strategic conflict. In general, the model uses

data based on current, projected, and future technological developments

in the areas of strategic penetrators and uses this data to measure the

synergistic effects of various combined manned/unmanned penetrator strike

forces in terms of survivability and the ability to inflict the required

level of damage to the enemy target base. The model, called DILUTE, is

written in SLAM, using extensive FORTRAN Inserts and is designed to

allow for considerable flexibility and user control.

The experimental design uses a full factorial design with three

factors: radar cross section, speed, and force mix. These factors are

analyzed for significant effects on the value average probability of

damage. In using an analysis of variance the three factors were found

to be significant.

The results of the study indicated that significant differences

do exist between force mix combinations of ALCM and manned penetrators,

however the results are highly dependent upon the factors of radar

cross section and speed. Bomber survivability against peripheral def-

enses of surface to air missile threats can be significantly enhanced

if the bombers are used in concert with cruise missiles due to the def-

viii
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ense dilution aspect of the ALCM. The same effect was determined in the

airborne interceptor threat, as long as the airborne interceptor had a

reasonable chance of detecting the ALCM. Enhancement of bomber sur-

vivability by ALCM dilution at the terminal surface to air missile

threat was determined not to be statistically significant at the 1%

level. Additionally, it was realized that pure forces dominate mixed

forces; the dominant characteristics being electronic countermeasures

for the bomber and saturation for the ALCM. Finally, the decisions on

force mix are heavily dependent upon radar cross section and speed im-

provements, with the manned penetrator being a much more effective

weapon system than the ALCM when technological improvements in speed

and radar cross section are employed.
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DILUTE: A MINI-CAMPAIGN SIMULATION MODEL TO
ANALYZE STRATEGIC PENETRATION OF VARIOUS
FORCE MIX COMBINATIONS OF CRUISE MISSILES

AND MANNED PENETRATORS

I. Introduction

Background

The continual research and development of Soviet air defenses poses

a significant challenge to military planners. Our strategic bombers

continue to be an effective component of the TRIAD, however their use-

fulness against heavily defended strategic targets becomes questionable

as the number of Soviet manned interceptors and GCI sites multiply, and

new defensive systems are phased in,

The strategic mission of our bomber force is to penetrate Soviet

defenses at low altitudes avoiding known and suspected defenses and

strike their assigned targets. The agency responsible for strategic

nuclear weapon targeting is the Joint Strategic Target Planning Staff

(JSTPS). In broad terms the JSTPS uses three Inputs in generating the

Single Integrated Operations Plan (SIOP) (Ref 1:40). First is the gui-

dance that is levied upon them from the Joint Chiefs of Staff (JCS).

The SlOP is merely the plan that puts into action JCS broad term goals

and strategy.

The second input is the force structure that the JSTPS may use in

plan development. Each Commander-in-chief (CINC) of the Unified and

Specified Commands has requirements to commit certain forces to JSTPS

in support of the SLOP.

The third input is intelligence data gathered from all civilian j
and military resources. From this data potential targets are selected,
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categorized, and prioritized in accordance with JCS guidelines.

Within the JSTPS there are two main divisions responsible for plan

development. The NSTL (National Strategic Target List) nivision issues

the National Strategic Target Base (NSTB) which describes and categor-

izes all potential targets. It is from this list that targets are grouped

into complexes, and from which aimpoints, or Designated Ground Zeros

(DGZs) are selected. The SlOP division then applies the forces commit-

ted to the SIOP, assigning the delivery vehicle/weapon combination on

the DGZs (Ref 1:44). In assigning each sortie, whether ICBM, SLBM,

bomber, or cruise missile, the SlOP division uses JCS planning factors

in determining Prelaunch Survivability (PLS), Weapon System Reliability

(WSR), and Probability to Penetrate (PTP).

The four phases of a strategic mission profile are prelaunch, en-

route, forward air defense (may include Airborne Warning and Control

System (AWACS) aircraft), and in-country penetration.

The prelaunch phase(consists of those surviving bombers launching

from CONUS bases who proceed enroute to their assigned targets. Sur-

viving bombers are air refueled by surviving tanker aircraft to give the

bomber the distance needed to get to his assigned target, which may lie

deep inside enemy territory. The Forward Air Defense (FAD), usually

located outside of the enemy's target area, consists of AWACS aircraft

which vector fighter interceptors to the penetrators before the penetra-

tor has the opportunity to penetrate in-country. Finally, the in-country

phase is where the penetrator can expect to encounter Early Warning (EW)

and Ground Controlled Intercept (GCI) radars as well as Surface to Air

Missile (SAM) sites and fighter Airborne Interceptors (AI). This study
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considers only the in-country penetration phase of a strategic scenario.

The study implies that the penetrators are those that have survived (with

no degradation) the previous three phases. Once the penetrator is in-

country, the air battle begins with the interaction of bombers and cruise

missiles over the enemy's defended air space.

Our current manned penetrator, although large in visual, IR, and

RCS signatures can react to enemy threats with electronic countermeas-

ures (ECM) and maneuvers. The manned bomber also has a limited stand-

off capability with the Short Range Attack Missile (SRAM). However,

its existence since the 1950's concerns our leaders as to whether it

can still retain the flexibility and vitality of the air breathing leg

of the strategic TRIAD.

A steady and sustained increase in Soviet military strength is

undeniable. Soviet strategic forces have grown from a position of clear

inferiority in the mid-1960's to one of rough strategic parity with the

United States (Ref 2:7). They have also complemented their numerical

superiority with marked qualitative improvements in nearly every aspect

of combat capability.

This raises the question whether or not our existing bomber fleet

Is capable of penetrating large numbers of new, advanced Soviet defen-

sive systems. If one concludes that a manned penetrator is still an

effective strategic weapon system and a viable strategic deterrent, then

the question remains how to effectively use this weapon system to inflict

unacceptable levels of damage to the enemy's target base.

An important addition to the future United States strategic bomber.

force is the Air Launched Cruise Missile (ALCM). This missile will pro-

3



vide the United States with a mixed standoff/penetrate force which will

complicate Soviet defenses by saturating ground and air based defensive

systems. The ALCM will supplement the penetrating bomber and will have

the capability to damage or destroy both soft and hard strategic targets.

The current generation cruise missile is a weapon system design consist-

ing of a small radar cross section (RCS), with speeds approximating mach

.6, and capable of delivering a weapon within a few feet of a DGZ. The

cruise missile can be launched by bombers penetrating Soviet defenses

or by bombers entirely outside of the defenses. The problem facing our

military planners today is how to effectively employ this new strategic

weapon system. This thesis effort is designed to study the effects of

different force mixes of bombers and cruise missiles in a strategic

penetration of the Soviet land mass.

Problem Statement

The problem, in general terms, is to measure the synergistic effects

of a combined manned/unmanned penetrator strike force in terms of survivab-

ility and the ability to inflict the required damage level to the enemy

target base. Specifically, the measurement of the relative effectiveness

of the combined bomber/ALCM force is reduced to the following subproblems:

1. Is there a significant difference between force mix combin-
ations of ALCIs and bombers in terms of damage inflicted on the
enemy target base?

2. Is there a significant difference in the survivability of the
bomber force when interspersed with a force of penetrating cruise
missiles?

3. Does one weapon system dominate the other?

4. Are the answers to the above questions dependent upon future
technological advancements in penetrator speed and radar cross
section?

4



Objectives

The objective of this thesis is to develop a computer model which

will measure the survivability and the damage inflicting capability of

a combined strategic strike force. The model will be used as the source

for data inputs into a statistical experimental design which will:

1. Test for significant differences in damage effectiveness be-
tween different force mix combinations.

2. Test for significant differences in bomber survivability be-

tween different force mix combinations.

3. Test for overall dominance of one weapon system over the other.

4. Be able to perform sensitivity analysis on the factors of Speed
and RCS in order to determine if technological improvements in
these areas will change the results of the tests performed above.

Problem Assessment

The process of developing a plan for strategic attack can be divided

into four parts: (1) identifying and selecting strategic targets; (2)

ranking these targets in order of priority; (3) designating the appro-

priate attack weapons against the targets; (4) developing the attack

timing structure (Ref 3:16).

The-purpose of the plan is to insure that maximum damage is inflic-

ted upon the enemy. The factors that impact upon the term "damage" are

represented conceptually in the Causal Loop Diagram shown in Figure 1.

The system of +'s and -'s represent direct or inverse relationships

between the factors.

A measure of effectiveness used in determining damage levels is

called Damge Expectancy (DE). DE is the multiplicative probability of

several independent events and is defined by the following equation:
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DE =PLS x WSR x PTP x PD (1)

where:

PLS- Prelaunch Survivability

WSR- Weapon System Reliability
PTP= Probability to Penetrate

PD a Probability of Damage

The first three terms comprise the concept of weapon arrival to the tar-

get "area" and fuzing as designed. PTP is represented in the Causal

Loop Diagram as Survivability. The last term, PD, represents the con-
cept of inflicting a quantifiable (via blast, overpressure, or gust)

damage criterion to the target and is represented in the diagram as a

function of target hardness, weapon yield, and weapon Circular Error

Probable (CEP).

DE is then weighted for the value of the target. The method used

to categorize and assign values to targets is called significance anal-

ysis (Ref 3:19). The method involves ranking installations within var-

ious categories by their value to the enemy and their value to the United

States in terms of the degree to which elimination of the particular tar-

get meets national security objectives. Target value can be assumed to

be proportional to the level that the target is defended. When the

defense deploys in proportion to value then the number of defenders

per unit target value is constant (Ref 4:75). For this analysis it is

assumed that all targets have equal value, thus they are equally defended

and are all of the sare hardymss. Thus, in terms of relative effectiveness,

the measure of effectiveness can be expressed just in terms of PD. This

measure of effectiveness will be termed Value Averaged Probability of

7



Damage (VAPD) and will be defined as the proportion of the value of the

enemy target base destroyed.

As shown in Figure 1, the strategy of defense supression reduces

the level of defenses. However, the price of this strategy is in the

sacrifice of weapons which could have been allocated to the target base.

A strategy of saturation by penetrating within a small number of corrid-

ors and with increasing arrival rates tends to increase survival prob-

abilities (Ref 4:128), (Ref 5:64). The factors of RCS, Altitude, and

Terrain affect the ability of the defense to detect the penetrator.

Once detected, ECM, Speed, and Maneuvers may be employed to negate the

opportunity for successful engagement.

Methodol ogy

As problems become more complex the need for a conceptual frame-

work both for the problem definition and for its solution becomes more

acute. The system science paradigm found in Schoderbek, Schoderbek,

and Kefalas (SSK), "Management Systems" was instrumental in developing

an approach to capture the complexities of modeling a strategic penetra-

tion with various force mix combinations of manned and unmanned penetra-

tors. The system science paradigm consists of three phases: (1) Con-

ceptualization, (2) Analysis and Measurement, (3) Computerization.

Conceptualization. The conceptualization phase consists of under-

standing the problem at hand, identifying the basic elements of the prob-

lem, breaking out these elements and defining their internal operation,

then focusing on the interactions, and finally designing a model which

will effectively capture these interactions. These steps are summar-

ized in Figure 2.

8
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DEFINE THE PROBLEM

SYSTEM ELEMENTS

MODEL CONCEPT/

STRUCTURE

PARAMETER

INVESTIGATION

COMPUTER IZAT ION

Figure 2. Conceptual Flow Diagram
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Analysis and Measurement. In order to begin to measure these inter-

actions the model must be quantified. In other words, some numerical

relationships must be developed. These mathematical relationships form

a parametric model, which is the goal of the Analysis and Measurement

phase. The understanding of the systems developed in the conceptualiza-

tion phase of systems thinking is vital for the development of the par-

ametric or mathematical model.

Computerization. In developing a model to help solve the problem

one needs to keep in mind that the model is a representation of the real

world phenomenon but with much less detail. A model includes only those

factors or elements that are absolutely necessary for a rough descrip-

tion of the real world. However this does not imply that a model must

be simple. As stated in Schoderbek, Schoderbeck, and Kefalas (Ref 6:284):

"The apparent simplicity Involved in the modeling
process is only of a temporary nature. It is used
as a means of comprehending the complexity inherent
in the (real world). The ultimate 'system' which
will be used to deal with the real world situation
must be as complex as the real phenomenon... That is,
of course, dictated by the universal-law of-requistte
variety: one deals with complexity through complexity."

The complex real world phenomenon in this study involves numerous sto-

chastic processes including arrival rates, courses flown, weapon impacts,

weapon effects, levels of target destruction, defense suppression, defender

reactions, and defense saturation, exhaustion, and elimination. Simulation

modeling was chose instead of closed form analytical solutions because

simulation better captures the synergism of different offensive weapon

system interacting in a battle area with a dynamic defense environment.

10
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SLAM (Simulation Language for Alternative Modeling) was chosen because

it provides a highly flexible modeling framework of graphical models

that are easily translated into input statements for direct computer

processing. The SLAM structural model is composed of a network structure

that supports discrete event orientations, along with event oriented

FORTRAN subroutines. The SLAM processor is FORTRAN based and can support

extensive user written FORTRAN subroutines to enhance the SLAM structural

model. The SLAM structural model is presented in Appendix A.

Scope

To say that the scope of this problem is massive is an understate-

ment for there are thousands upon thousands of potential targets scattered

over millions of square miles of land mass (Ref 2:1g). To limit the size

and scope of the model while still providing an adequate representation

of the real world phenomenon some major assumptions were made:

1. The target base consists of 200 highly valued, terminally
defended targets concentrated in an area encompassing approx-
imately 60,000 square nautical miles. 1

2. All targets are of equal value and equally defended.
The target hardness is fixed to that of a 13Q7 DIA Green-
book target.

3. A major portion of the defense suppression effort is con-
sidered to have already been accomplished. Thus the defenses
remaining are those defenses after the suppression dedicated
weapons have been expended.

4. The weapon to target ratio is 2:1.

5. The bomber can employ ECM and maneuvering techniques while
the ALCM cannot.

6. There will be only one type SAM system which will be an
hypothesized future generation, mobile SAM referred to as
the SA-X.

7. The Al threat will be an hypothesized future generation
fighter with an advanced LDSD capability.

11 11

= ! 9 '



This study does not include tactical SAM systems or AAA. These systems

are deployed with Soviet ground armies and are not expected to be a sig-

nificant factor in a strategic penetration scenario. (Ref 7), (Ref 8).

Tieing together the objectives of this study, the conceptual framework,

and the methodologies, one can represent the system being studied in the

form of a structural model shown in Figure 3.

Structural Model

In developing the structural model, consideration was given to the

number of targets, the size of the land mass, and the defense levels.

In a previous study of manned penetrators and cruise missiles (Ref 9:17)

the variance of he response variables fluctuated excessively from one

force mix size to another. In order to obtain more run to run variance

stability, runs were accomplished using larger numbers of penetrators.

From this study it is estimated that a force size of at least 40 manned

bombers was necessary to provide a minimum force size for evaluation of

the interactions and to provide a more stable variance. A typical weapon

load for a bomber is considered to be 10 weapons comprised of 4 gravity

bombs and six SRAM. Thus this force has 400 offensive weapons. Other

force mixes will be combinations of bombers and ALCMs which also yield

400 weapons.

As previously stated, a 2:1 weapon to target ratio is assumed.

Therefore there will be 200 DGZs in the target base. A DGZ density of

300m 2 per DGZ was considered to be representative of a dense target

environment. To support 200 DGZs a 60,O00nm2 land mass Is required.

The principle of concentration of force was used in establishing

two entry corridors in an attempt to saturate the BSAM. Once passed the

12
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BSAM the penetrator enters the Al area. In this area are the GCI/C
3

facilities. A GCI site density 150 per million square kilometers was

used. Therefore the model begins with 25 sites. Of these 25 sites 20

are targeted. This GCI/C3 target group will be referred to as Zone 1

targets and are not differentiated by corridor.

The terminally defended target zones are located following the

Zone 1 target group. Penetrators entering from corridor one fly rep-

resentative distances to Zones 2 and 3 on the left side of the map and

to Zone 4 in the middle. Penetrators entering corridor two fly to their

respective Zones 2 and 3 on the right side and to Zone 4 in the middle.

Zone 4 merges the two corridors and supports twice the number of targets

(and twice the defenses) as Zones 2 or 3. The following is the target

distribution by zone:

TGTS

Zone 1 20
* Zone 2 30/30

* Zone 3 30/30

Zone 4 60

* one in each corridor

The penetrator is vulnerable to the Al threat from Zone 1 to enter-

ing the terminal threat area. The Al threat is comprised of 50 fighters

having an advanced LDSD capability. Only 80% of these fighters are con-

sidered mission capable and able to engage in the air battle. Any

fighter may be assigned to any penetrator regardless of corridor entry.

Zones 2 and 3 are each defended by one SAM site while Zone 4 is defended

by two SAN sites.

14
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Overview

Explained in detail in the remainder of this thesis is the model

development, the simulation structure, the analysis of results, and

conclusions. More specifically, discussed in Chapter II are the compo-

nents and concepts incorporated in the model development. Discussed in

Chapter III are the concepts incorporated in the simulation model.

Discussed in Chapter IV is the Experimental Design. Contained in Chap-

ter V is the Analysis of Results. In Chapter VI is the Verification

and Validation of the model. Included in Chapter VII are the Conclusions

and Recommendations. The final chapter, Chapter VIII, discusses possible

Recommended Areas for Further Study.

I
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II. Model Development

The model, called DILUTE, was developed by the authors to help

analyze the problems stated in Chapter I. This chapter presents the

methodology involved in developing the structure for DILUTE. The main

components of this structure are: penetrator arrival patterns, penetra-

tor target assignments, defense structure to include both SAM and AI,

and weapons effects calculations. DILUTE was developed in a building

block concept similar to the Advanced Penetrator Hodel (APM) (Ref 10:88).

Figure 4 shows the main blocks of DILUTE. Each block was developed

separately for ease of verification. This chapter will present the

methodology involved in developing each of these blocks.

Arrival Rates

Minimum feasible interarrival times were set to enhance saturation

effects. Actual arrival times are stochastic processes due to inherent

imperfections in the systems which control the arrival times. Bomber

interarrival time was modeled by a lognormal distribution with a mean

of 3 minutes and a standard deviation of 45 seconds. A lognormal dis-

tribution was chosen because its median is less than its mean and this

is typical of bomber navigation time control deviations. An exponential

distribution was not used because an exponential distribution assumes

large variability (Ref 11:31). Three minutes was chosen as represen-

tative of planned spacing of bombers based upon current Red Flag train-

ing excercises.

Since ALCMs have preprograrmned, fully automated navigational sys-

tems their arrival pattern was modeled by a normal distribution with
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a mean of .3 minutes and a standard deviation of 15 seconds. Faster

arrival rates are justified for the ALCM because it is smller, more

numerous, and has a more accurate navigational system allowing for

better timing precision.

These arrival times were adjusted for different force mix combin-

ations to allow for proper interspersing of the forces. As an example

the following timing plan was used for a single corridor of 160 ALCMs

and four bombers:

48 36 28 20 12 0 TIME

160 120 93 67 20 0 # ALCs
in system

For this force mix the bomber force was delayed 12 minutes at each cor-

ridor to allow some ALCMs to enter the system. Then the bomber arrivals

commenced with a mean time between arrivals of eight minutes. If the

bomber arrival pattern had not been adjusted from their minimum feasible

values then all four bombers would have entered the system within nine

minutes and there would have been no interspersing effects. The time

18



table for the different force levels is shown below. Each corridor

follows the same schedule:

ALCM Bomber
mean delay mean delay

200 ALCM/ 0 Bombers .3 0. - -

160 ALCM/ 4 Bombers .3 0. 8. 12.

100 ALCM/ 10 Bombers .3 0. 3. 0.

40 ALCM/ 16 Bombers 1.1 2. 3. 0.

0 ALCM/ 20 Bombers - - 3. 0.

These were the timing plans used for the different force mix levels in

DILUTE. The next section describes the target assignment structure.

Target Assignments

This section develops the mission profiles of the penetrators and

discusses the strategies used in the target assignment process. To

limit the realm of possible strategies, all targets are equally hard-

ened, valued, and defended. While the Zone I targets do not have ded-

icated SAMs defending them, they may be considered terminally defended

due to their proximity to the BSAM (Ref 12:10).

All bombers have the same mission profile. Bombers must attempt

to penetrate the BSAM. Each bomber is assigned a gravity weapon release

on a Zone I target. An advantage of the bomber is its standoff capab-

ility with the SRAM. In order to exploit this advantage, the bomber

proceeds to Zone 2 and Zone 3 but does not need to penetrate the term-

inal defense. The SRM is launched in a semiballistic profile for max-

imum range at the periphery of the Terminal SAM (TSAI). Each bomber is

assigned three SRA4s against Zone 2 and three SRAMs against Zone 3.

The bomber's remaining gravity weapons are targeted in Zone 4. The

19
Th obrsrmnn grait weposar tretd nZoe .Th



bomber must penetrate the Zone 4 TSAM to deliver the gravity weapons.

Each ALCM is assigned one target. The first 10% of the ALCM force

is targeted in Zone 1. This strategy of targeting the front end of the

ALCM force at the GC(/C 3 sites will assist those lead bombers already

in the Al area as well as the follow on ALCMs because the mean time be-

tween AI encounters will depend upon the number of these sites that have

not been destroyed.

Once the penetrators are assigned to their respective zones, the

individual targets are assigned to each penetrator sequentially based

upon the type of penetrator and the number of penetrators that have en-

tered the system.

SAM Encounter

The SA-X is a mobile SAM system. The effect on the offense then

is that pre-penetration defense suppression cannot be planned for with

certainty. If sites are attrited, the other sites may redeploy to cover

the gaps created. In this way the BSAM is modeled with a uniform site

density of one site every 30 nm providing continuous peripherial defense

of this sector of land mass. TSAs are similarly deployed with one

TSAM protecting 30 DGZs. Unlike older SAMs, the SA-X has three launchers

with one TTR (Target Tracking Radar). Three targets may be tracked

simultaneously and the launchers may track separate targets. Thus each

site may simultaneously engage three penetrators which complicates the

saturation problem. Each launcher has a capacity of four missiles.

Missiles may be reloaded from ready storage. Missiles are stored at

the sites based on a 3:1 stockpile to launcher loading.

The system parameters shown below were used In modeling the SAM.
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The data presented here is hypothetical but represents a close enough

approximation of an improved SAM system to perform the comparisons neces-

sary for this study. For an explanation of the terms presented below

see Table 1.

Pt 50OdBW
Gt  43 dB

Gr 40 dB

N 18 dB

kT0  -144 dBW/MHz

X -16 dB
B t  8 dB

L 12 dB

The following were the operating characteristics modeled for the SAM

site.

Missiles per launcher 4

Launchers per site 3
Missiles in ready storage 36 per site

Time for lock on 15 secs

Time between launches 3 secs

Reload time I min + 1 min per missile

Maximum forward range 20 nm

side range 15 nm

Minimum range 5 nm

Average missile velocity 2300 knots
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Table 1

This table contains an explanation of the radar system terms used in

describing the SAM system.

Pt a power transmitted in decibels above 1 watt

Gt = effective antenna gain in transmit

Gr = effective antenna gain on receive

N = received pulses during one beamwidth

k = Boltzman constant (1.38 x 10"17 MegaJoules/ OK)

TO = reference temperature, 288 aK

X= transmitter wavelength

Bt = transmitter bandwith in decibels above 1 MHz

L a system losses due to non-coherent integration of pulses

R a range in meters

S/Nmin - the minimum signal to noise ratio required for target
detection where S/N is the ratio of the target return
power to the system noise power.

a target radar cross section (RCS) in square meters
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The remainder of this section will discuss the following areas concern-

ing the SAM encounter:

Detection

Launcher Assi gnments

CEP Determination

Target Kill

Engagement Sequence

Detection. The detection of a penetrator by early warning and

search radars requires that the radar have sufficient power, sensitiv-

ity, and subclutter visibility and that the penetrator not be masked by

terrain features. The following is an equation for maximum "free space"

radar detection range assuming non-coherent integration of the received

radar pulses (Ref 13: B-12):

14

R (2)

R It G tG r X N  (T/4, 1/4

{(4/)kTo (S/N m2i
In

As shown in the above equation, the maximum detection range is directly

proportional to the fourth root of radar cross section. Search radars

are designed to be able to detect penetrators at long ranges and high

altitudes. The fourth root range dependence on RCS therefore gives early

warning radars excess sensitivity at low altitude (Ref 14:16). A typical

early warning radar can have a maximum detection range of 200 nm against

a 1m2 (one square meter) target. At low altitude it is usually impossible

to obtain a line of sight beyond 30 nm (Ref 15:36). This means that an

RCS reduction from 1 m2 to approximately .0005m2 is necessary before RCS
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becomes significant. For this reason RCS is not considered a factor in

the initial detection of low altitude penetrators. The dominant factors

to be considered are line-of-sight (LOS) range and terrain masking.

This is supported in a study done by the Calspan Corporation (Ref 16:86).

The distance at which there exists a clear LOS is a function of

radar antenna height, type of terrain, and penetrator altitude. The

hypothetical terrain model used in this study is shown in Figure 5. In

order to determine the initial range of detection, the following curve

fit of Figure 5 was used:

(540000 * x) 2 5 7 7 32  if x =.2068 (3)
Ro 20. if x -.2068

where:

Ro a initial detection range in nautical miles

x a uniformly distributed random number between zero and one

Ranges above 20 nm are not considered because of the maximum encounter

range of the site at low altitude. This is based upon the output of a

TAC ZINGER model of a SAM encounter with similar parameters (Ref 23).

The geometry of the SAM encounter is depicted in Figure 6. Once

the initial detection range, Ro , is established, the penetrator's offset

distance, y, is determined. The penetrator's offset is assumed uniformly

distributed between zero and l5nm (1/2 of the site density). If the

offset distance, y, is greater than the initial range of detection, Ro0

or if R0 is less than the minimum SAM range, the penetrator escapes

with no engagement by the site. However, if R0 is greater than y, then

the distance remaining in coverage, xo , is computed and the penetrator
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is sent to the SAM queue with a time delay of:

T =20. - xo/V* 60. (4)

where:

T - the time from entering the system to initial SAM encounter
time in minutes

x= initial distance to fly before exiting SAM coverage (nm)

V a penetrator velocity in nautical miles per hour (knots)

The SAM queue priority is lowest value of x first. This gives priority

to penetrators who are about to exit coverage.

Launcher Assignments. Each launcher is modeled as a resource.

Tied to the resource is a global variable which keeps track of the mis-

siles remaining on the launcher. When there is at least one launcher

available, a penetrator is drawn from the SAM queue. The penetrator is

assigned to the available launcher with the largest amount of missiles

remaining.

CEP Determination. Missile miss distance is exprefsed in terms of

missile CEP. It has been shown that missile CEP can be modeled as a

function of range and amming-to-signal noise ratio (J/S) in the pres-

ence of Jamming. In the absence of jamming, CEP can be modeled as a

function of range and signal-to-noise ratio (S/N) (Ref 8). The equation

used for the CEP of the SA-X is:

CEP - 12.42 x lO'8 (J/S)R2 + 199(j/S) + 624 with Jamming (5)

CEP a 2.42 x O"8 (N/S)Rz + 199(N/S) + 624 without jamming (6)
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where:

CEP - missile circular error probable in feet

R - range at launch in feet

J/S a jamming to signal noise ratio (dimensionless ratio)

N/S - inverse of the signal to noise ratio (dimensionless ratio)

In order to obtain an expression for the S/N ratio the radar range

equation, equation (2), is solved for S/N:

aSN PtGtGr )>x2 N C21.
S/N - ttrX* a (7)

(47Tr)3kToBtL R4

All terms but 0" and R are constant. Thus, S/N may be expressed as:

0T
S/N - Ka - 4  (8)

Solving for the constant Ka in equation (8) by substituting the system

parameters:

Ka(dB) - 50dB + 43dB + 40dB + (2 * -16dB) + 18dB

-(33dB - 144dB + 8dB + 12dB)

Ka(dB) - 210dB

Ka a log 210/10

Ka - 1021

Thus S/N may be expressed as:

S/N 102 1 * (9
R
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Thus, missile CEP varies as a function of RCS and range. The S/N ratio

is used for computing the missile CEP against the ALCM. The radar cross

section of the cruise missile varies as a function of azimuth and is

shown in Table 2.

Jamming to signal noise ratio is calculated in the following man-

ner (Ref 15:85):

P G Bt(47T)L R2

J/S = * - (10)
PtGrBjN  a

Only the bomber aircraft use J/S in calculating missile CEP. The bomber

is assumed to carry repeater jammers capable of transmitting 2000 watts

(33dB) of Effective Radiated Power (ERP)(Ref 17). The bandwidth must

be at least as wide as the bandwidth of the SAM and is presumed to be

1.25 times as wide or 9dB. Again only R and J are variable. Therefore:

R2

J/S = Kb-Q (11)

where the constant, Kb, is computed to be:

K - 33dB + 8dB + 11dB +12dBb(dB)
-(50dB + 40dB + 9dB + 18dB)

Kb(dB) m -53dB

Kb a log-
I -53/10

Kb - 5.01187 x 10
-6

Substituting Kb into equation (11):

J/S - 5.01187 x 10"6 * R  (12)
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Table 2

The following is the RCS values used in DILUTE. RCS groups 1-3

pertain to bomber aircraft and 4-6 pertain to ALCM. Groups 1 and 4

represent hypothetical data for worst case RCS profiles. Subsequent

RCS sets are successive 10dB improvements over the worst case. Values

are in square meters (m
2).

RCS

AZIMUTH 1 2 3 4 5 6 -
0 18 1.8 .18 .10 .010 .0010

10 16 1.6 .16 .08 .008 .0008

20 15 1.5 .15 .07 .007 .0007

30 14 1.4 .14 .06 .006 .0006

40 12 1.2 .12 .05 .005 .0005

50 20 2.0 .20 .10 .010 .0010

60 35 3.5 .35 1.00 .100 .0100

70 40 4.0 .40 1.30 .130 .0130

80 500 50.0 5.00 6.00 .600 .0600

90 2000 200.0 20.00 25.00 2.500 .2500

100 500 50.0 5.00 6.00 .600 .0600

110 40 4.0 .40 1.30 .130 .0130

120 20 2.0 .20 1.00 .100 .0100

130 50 5.0 .50 .10 .010 .0010

140 90 9.0 .90 .05 .005 .0005

150 55 5.5 .55 .18 .018 .0018

160 45 4.5 .45 .16 .016 .0016

170 60 6.0 .60 .15 .015 .0015

180 90 9.0 .90 .14 .014 .0014
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Thus, J/S varies as a function of range and radar cross section. The

radar cross sections of the bomber vary as a function of azimuth and

are shown in Table 2.

Target Kill. Target vulnerability and SAM warhead fragmentation

patterns were used in establishing the lethal radius of the SA-X. Lethal

radius (LR) is defined as that miss distance which will result in a 50%

probability of kill on a target and, for any particular warhead, varies

as a function of target vulnerability. The lethal radii used were (Ref 8):

Bomber ALCM

SA-X 135' 70'

The single shot probability of kill (SSPK) of the missile is modeled by

the following equation (Ref 8):

SSPK = 1 - .5(LR/CEP) (13)

This assumes that the missile launch, flyout, fuzing, and detonation

work as planned. To account for the probability of missile failure

from launch to detonation a reliability factor of .8 (Ref 8) was used.

The overall probability of kill (PK) then becomes:

PK - (.8) * (1 - .5(LR/CEP)) (14)

Engagement. This section describes how CEP and PK given CEP are

fit into an operational sequence of events which comprise the SAM/pen-

etrator encounter. Program SAX was developed externally to model the

SAM engagement. SAX was then inserted into the user written subroutines

of the SLAM programming language.
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When the penetrator is pulled from the SAM queue and a launcher

assignment is made, a new initial range is computed which is based on

the original detection range, speed of the penetrator, and time spent

in the SAM queue. This is the point where track attempt is begun. A

PK decision rule is used to determine when the launcher should fire its

first missile. If the PK check is not passed at the initial range, the

penetrator is advanced in 1 nautical mile increments until the PK check

is passed. Once the PK is attained the SAM firing sequence begins.

Program SAX was excercised numerous times experimenting with different

PK decision rules. High PK decision rules caused the SAM to wait until

the penetrator azimuth swung to more favorable radar cross sections.

Not only did this cause longer engagement times because of the SAM

having to wait for relatively long periods, but many times only one

shot could be fired. Also for a nose on encounter at low RCS the SAM

would never fire. At low PK firing decsion rules the launchers would

fire at long ranges with low PKs and exhaust their launcher supply of

four missiles rapidly and would have to go "down" for reload. It was

observed that the PK increased slowly to about .2 and then would rapidly

increase. For these reasons a PK decision rule of .2 was used. This

value is set as a variable at the start of the simulation run and may

easily be updated for further analysis.

At the start of the firing sequence a lead intercept point is cal-

culated based on a proportional navigation routine (see Figure 7) which

is a function of average missile flyout velocity, penetrator velocity,

and azimuth. The following equation was used to compute the intercept

point (Ref 13:31):
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V SAM V + V for Ry 0

wRhee p SAM (15)
Sy tan( ) for Ry > 0

where:

R tan-ecti (16)
Ry

Ssin-I cosOL (17)
S(VsAM/Vp)

where:

V SAM ' SAM missile velocity

Vp = penetrator velocity

Rd  - detection range

Ry - offset range

t a distance flown by penetrator during SAM reaction time.

Once the point of intercept is calculated, the RCS of the penetrator at

missile impact Is determined and the missile CEP is calculated based on

either a J/S or S/N ratio. The PK is calculated and a uniformly distrib-

uted random variable is drawn and compared with the PK. If the random

variable is less than the computed PK the penetrator is killed and the

encounter terminates. The time elapsed is based on the initial encoun-

ter range, the range at time of kill, and the penetrator velocity. If

the penetrator is not killed, his position is advanced for the interfire

time. If there is still a missile remaining on the launcher and the

penetrator is still in coverage, a new lead intercept point is calculated

and the process is repeated. This continues until the penetrator is
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killed, the launcher runs out of missiles, or the penetrator leaves the

coverage.

Once the encounter is over the penetrator goes on one of three

paths. Depending on his status, the penetrator either:

1. is eliminated from the system.
2. returns to the SAM queue if he has not reached the

boundary of the SAM coverage.

3. goes on to the Al area if he has left the SAM coverage.

The launcher takes one of the following two paths:

1. If there is at least one launcher missile remaining
and a penetrator is in the SAM queue, the launcher
returns with a minimum time delay to engage the
penetrator.

2. If there are no launcher missiles left or if no pen-
etrators are in the queue, the launcher will go down for
reload with the reload time being a function of the
number of missiles to be loaded.

A! Engagement

Manned interceptor defenses represent a complex system of ground

based and airborne components interacting in time and space with an

attacking force of penetrators. All successful defense systems must

perform a number of consecutive functions to attain their objective of

destroying the attacker. These functions are (Ref 14:10):
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Early Warning

Target Detection

Threat Verification

Intercept Point Prediction

Interceptor Assignment

Interceptor Vectoring

Target Acquistion by Interceptor

Conversion

Weapon Release

Weapon Lock-on, Flight

Weapon Fuzing/Detonation

Target Kill

Kill Assessment

The probability of a successful encounter is the product of the indiv-

idual conditional probabilities for each function (assuming statistical

independence between events). Manned interceptors typically operate

over a wide battle area. A penetrator, therefore, may have several AI

engagements on the way to its objective.

Modeling the Al engagement, therefore, can be accomplished by det-

ermining the probabilities associated with each defense function and the

number of individual attacker/defender encounters. To simplify the an-

alysis, critical defense functions are modeled by the following events:

El Detection by GCI

E2 Interceptor Assignment & Vectoring

E3 Interceptor Detection and Conversion

E4 Target Kill

A number of functions are grouped together in the four functions iden-

tified above. Initial early warning Is presumed to have occured; also
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both detection and verification is Included in El. An interceptor is

assigned (if available) and vectoring is accomplished with an error term

that is normally distributed with a mean of zero and standard deviation

of three nautical miles. E3 includes target acquistion and convergence

by the fighter into a proper engagement envelope. Weapon release, lock-

on, flight, fuzing, detonation, and kill is included in E4. The AI

employs a shoot-look-shoot strategy with no error in target kill assess-

ment. The following sections describe the modeling of these events.

Detection. The detection of a penetrator by the EW/GCI components

of a defense system requires that the radar have sufficient sensitivity

and subclutter visibility and that the penetrator not be masked by ter-

rain features. As previously discussed in the SAM engagement section,

the EW/GCI radars will not be considered power limited and are postulated

to have sufficient subclutter visibility to reliably detect and track

the penetrators. Thus the limiting factor on detection will be the

line-of-sight (LOS) range.

The same terrain model and masking probabilities are assumed for

the Al encounter as for the SAM encounter. A "cookie cutter" approach

is used in determining the effective radius of the GCI site. The effec-

tive radius is defined as that radius, given the type of terrain, pen-

etrator altitude, and antenna height, at which there is a 50% or greater

chance of obtaining a LOS. All penetrators that are further than this

distance from the site are considered masked, while all penetrators

that come within this radius will be considered detected. As seen from

Figure 5, for a 200' penetrator against a radar with 100' antenna in

flat and rolling terrain, the 50% detection range is estimated at 25nm.
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By knowing the site density, p and the effective radius of the

site one can find the expected number of encounters in a distance, D

(Ref 18:173):

E(N) =p* 2R * D (18)

where:

E(N) = expected value of the random variable, N, the number of
encounters

= site density in sites/nm
2

2R = two times the effective radius of the site (diameter)

D = total distance remaining in area

It is assumed that the threat environment is such that the penetra-

tors encounter radars as if no avoidance were practiced and the radars

are Poisson distributed in the plane. This assumption was used in the

FOPS (Fighter Interceptor Operations Model) developed for the Air Force

by General Research Corporation (Ref 19:6-7) and is substantiated for

certain geographic locales (Ref 20).

Let 0 represent the total distance traveled in the fighter inter-

ceptor area. The time in the area is expressed by:

T a D/V * 60. (19)

where:

T w time in AI area in minutes

D - distance to travel in AI area in nautical miles (nm)

V a penetrator velocity in knots (nautical miles per hour)
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Thus the expected number of encounters per minute is:

E(N) zO. 2R * D/T (20)

Substituting for T using equation (19):

E(N) =/f* 2R * V/60. (21)

If the number of encounters per minute is Poisson distributed, it can

be shown (Ref 21:157) that the time between encounters is exponentially

distributed with mean:

S= 1/E(N)

= 60/,P * 2R * V (22)

Assignment & Vectoring. A confirmed detection and track by a GCI

radar starts a chain of events designed to end with the destruction of

the penetrator. The GCI site must predict the penetrator flight profile,

request a fighter to pursue the penetrator, and then vector the inter-

ceptor to the vicinity of the penetrator.

It is assumed that all fighter bases had ample warning of the en-

suing battle and all fighters begin the battle from a Combat Air Patrol

(CAP) posture. Conceptually, the CAP is split into two CAPs with CAP1

holding those fighters who have expended half their ordinance and CAP2

holding those fighters with a full weapon load. It is presumed that the

fighters in CAP1 are the lowest on fuel and are given priority for assign-

ment over those in CAP2. Because of the CAP selection rule used and the

short time span of the battle (approximately 75 minutes) no attempt was

made to track the fuel remaining of each fighter.
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The dominant parameter governing vectoring performance is the arrival

time of the interceptor. The time necessary for the fighter to converge

to the intercept point will determine whether or not the penetrator will

still be within the effective radius of the GCI coverage. The time of

fighter arrival depends upon CAP dispersal doctrine, and fighter per-

formance.

A fighter returns to base when his ammunition is exhausted. After

rearming and refueling, the fighter launches and becomes part of CAP2.

Given the short duration of the battle this portion of the model plays

a very minor role. The main contribution of this portion of the model

to the overall modeling effort is that it adds flexibility if the model

is to be expanded.

For the purposes of this study, interceptor arrival time is modeled

by a random variable, uniformly distributed between 200 and 400 seconds.

Fighter return, service, and launch time is modeled by a random variable,

uniformly distributed between 47 minutes and 57 minutes. It is felt

that these figures represent worst case (for the offense) situations.

While these are not precise measurements, they capture the relative order

of magnitude necessary for the level of detail presented in this study.

Further details as to Soviet doctrine, fighter performance, basing, and

maintenance capabilities would classify this thesis.

Detection & Conversion. After the GCI system has vectored the AI

to the vicinity of the penetrator, the interceptor must then detect the

penetrator and convert to a position within the envelope of its weapons.

The probability of a successful detection and conversion given a success-
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ful vectoring is termed Probability of Detection and Conversion (PDC).

PDC is functionally related to the quality of the AI radar, the heading

conversion angle (HCA), and the penetrator's radar cross section (RCS).

Tight GCI control generally demands that loss of target track by

the GCI radar ends the engagement. However, low altitude penetrators

traverse regions of GCI coverage in such a short time that requiring

the penetrator to be within GCI coverage at AI arrival would unrealis-

tically restrict the defense. Therefore, it is reasonable to assume

that the GCI system would extrapolate the track of the penetrator for

a modest time after leaving the site coverage. This greatly increases

the uncertaintly volume of space that the AI must search for the pen-

etrator and, thus, decreases the PDC. This leads to a concept of two

POC's; one for an Al intercept within coverage, PDCin' and one for out

of coverage, PDCout' Figure 8 represents the concept of in-coverage

and out-of-coverage. The radar coverage circle is for a 200' penetra-

tor and the circle size increases for increasinj penetrator altitude.

The PDC values used were extracted from a PACAM model (Ref 32)

which was run using a Class II type fighter. Table 3 shows the PDC

values as a function of RCS, and HCA. RCS levels are coded RCS groups

as described in Table 2. Random intercept headings are presumed so the

average of all HCA's within an RCS group was used in the model to det-

ermine the PDC.

An average in-coverage track length is used in computing the time

under radar coverage. It is assumed that the offset distance that

the penetrator crosses to the GCI site is random. Therefore the average

offset distance would be one half the effective radius:
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Table 3

PROBABILITY OF DETECTION & CONVERSION

tIN COVERAGE (PC. in OUTSIDE COVERAGE (POC out)
RC I 2 3 4 5 6 I 2 3 4 5 6

HCA

0 1. 1. .931 .030 0 0 .666 .666 .301 .002 0 0

30 .454 .454 .398 .006 0 0 .457 .229 .073 0 0 0

60 .850 .685 .304 .005 0, 0 .771 .633 .509 .282 .089 .005

*90 1. I. I. .984 .769 .135 .863 .833 .667 .416 .216 .047

120 I. I. 1. 1. .8921 161 1. .985 .672 .480 .237 .051

150 I. 1. 1. I. .900 .122 1. .971 .669 .499 .266 .054

180 I. 1. I. 1. .895 .144 1. .964 .667 .503 .274 .021

AVE .900 .877 .804 .575 .494 .080 .822 .754 .508 .312 .155 .025
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RA

R/2 L/

The total track length, L, is:

L = 2-R' - R2/4

L = 2VR27(1 )

L - 2R.75

L - 1.732 R (23)

Electronic Countermeasures (ECM) used by the bomber'complicates the

defense's problem of performing a successful intercept. It has been

shown (Ref 22:353) that the probability of a successful AI engagement

against a bomber decreases approximately 30% in the presence of ECM.

Thus an ECM effectiveness factor of .7 was used in reducing the PDC for

a bomber penetrator.

An unsuccessful conversion results in the fighter being tied up for

a length of time equal to his flying time to the intercept point. A
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successful conversion results in shots fired at the penetrator. The

interceptor fires until the penetrator is killed, or the interceptor

runs out of missiles. The interceptor will break off the attack if

during the attack, the penetrator enters the TSAM zone (a one minute

flying time overlap is allowed).

Each fighter starts out with four missiles. The fighter fires two

at a time. Thus each fighter may shoot two volleys of two missiles each.

If a fighter reaches a kill envelope on either a cruise missile or bomber

and launches a missile against the penetrator it is presumed that if the

missile works properly, it will kill with a probability of 1.0. However,

factored into the Single Shot Probability of Kill (SSPK) will be the

probability of a successful missile launch, flyout, fuzing, and deton-

ation. Thus a SSPK of .8 was used as representative of missile reliabil-

ity (Ref 23). The overall PK of a volley of two then may be computed as

follows:

PK = 1 - (1 - SSPK)2  (24)

Pk - .96

Thus, if a fighter converges on a penetrator, the PK used in the model

is .96 for each volley.

After the engagement, the fighter is placed either in CAP1, or

CAP2, or returns to base depending upon the status of his weapons. If

the penetrator survives, the time of the next encounter is drawn from an

exponential distribution with a mean computed based on the number of GCI

sites remaining in the system. If the time of the next engagement ex-

ceeds the penetrator's planned time to enter the TSAM, then the penetra-
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tor proceeds to the TSAM. If the time of the next encounter is less

than the time to enter the TSAM, then the penetrator is routed back to

the AI queue with a time delay as computed from the exponential distrib-

ution using the current number of GCI sites to determine the mean time

between encounters as previously described.

Value Average Probability of Damage (VAPD). The term Value Average

Probability of Damage (VAPD) was developed as the primary measure of

effectiveness (MOE) in evaluating the weapon systems. Conceptually,

VAPD measures the proportion of value destroyed for the entire target

base. Two hundred target values are stored in arrays ZI, Z2, Z3, and Z4

representing the four target zones. These arrays are initialized by a

data statement at the beginning of each simulation run. When a penetrator

reaches the target or SRAM launchpoint, a weapon miss distance is gener-

ated. Then, based upon the miss distance, yield, height of burst (HOB),

and target damage response, the individual target's value is updated

within the arrays by the following recursive algorithm:

i= to N
V = Vi- 1 " PDijVij -i j - 1 to ni  (25)

where:
ii - the value remaining of the i th target after the j th weapon

has struck

Y j a the value remaining of the 1th target prior to the jth
weapon strike

Pruj a probability of damage to the tth target by the jth weapon

N a total number of targets in the target base

nt a number of weapons allocated to the 1th target
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For each weapon impact the value extracted is the product of POIj and

V ij-1 For all targets the variable VAPD is summed in the following

manner:

'

.E PODJ VJ 1  (26)
41 JRI

In this study N=200, and n1=2 for all i.

The probability of damaging the target is a function of the weapon

miss distance, yield, height of burst (HOB), and target vulnerability.

The following table shows the weapon systems' characteristics used in

this study. Actual figures are not used because of security restrictions.

However, these values capture the order of magnitude necessary for rel-

ative comparisons:

# wpns ea Yield CEP HOB

Bomber

Gravity 4 1000 KT lO00ft Oft

SRAM 6 200 KT 800ft 400Oft

ALCM 1 200 KT 400ft 4000ft

The following subsections show the methodology used in computing

the damage probability.

Target Vulnerability. A representative hardness level for struc-

tures found in urban/industrial areas was selected as one with a Vulner-

ability Number (VN) of 13Q7 from the DIA Greenbook. The following dis-

cussion is taken from unclassified sections of the Greenbook (Ref 24:1-2).

The Q in the VN number classifies the target's primary damaging mechan-
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ism as peak dynamic overpressure, q. The first two digits of the VN

number are generated from an artificial numerical scale which associates

damage probabilities with peak dynamic overpressure required from a

20KT weapon to achieve a .5 probability of severe damage to a randomly

oriented target. For a target with a VN of 13Q7, the first two digits

were computed by the following equation:

6.31 (log q.5) + 9.72 = 13 (27)

Where q.5 is the peak dynamic overpressure associated with a .5 prob-

ability of damage. Solving for q.

q.5 = log' l .5198

q5= 3.3

However nuclear effects calculations are usually available for peak

overpressure (Ap) and not peak dynamic overpressure, q. To find q

as a function of A p necessitates solving a series of partial differen-

tial equations (commonly called the Rankine-Hugoneot equations) which

describe blast wave phenomena across the shock front. From this deriv-

ation it can be shown that (Ref 25):

q \5(&P) (28)
2((7)(14.7) + ap)

This applies for sea level standard day conditions. Then solving this

quadratic equation for A p when q - 3.3, yields a Ap - 12.333 . This

then is the overpressure required to create a peak dynamic overpressure
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of 3.3 psi for a 20 KT burst at sea level.

The second portion of the VN number is called the K factor. An

adjustment to Ap for the K factor is necessary because the pressure

*required to damage a target varies as a function of yield (Ref 24:1-2).

This is because the actual damage on target is a function of the force

on the target and the time duration of the force. This functional rela-

tionship is called Impulse (I) which is the time integral of force act-

ing on the target:
b

=Jq(t)dt (29)

where ta - tb is the time of the positive phase duration of the force.

In general, the larger the yield, the longer is this time duration and

consequently the lower the force necessary to give a specified impulse.

The mean overpressure kill criteria (&P.5) was, therefore, adjusted for

the K factor (Ref 24:1-33) for each class of weapon and is shown below:

Gravity bomb 8 psi

SRAM 9 psi

ALCM 9 psi

Miss Distance Generation. Hit patterns are assumed to be bivariate

normal distributions (Ref 26:98). The bivariate normal with a mean of

zero is shown below:

f(xy) - EXP-[(x/a'x)2 + (y/ 0) 2) (30)
2"r O-cry y
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In this equation x is the downrange standard deviation and y is the

cross range standard deviation. Aircraft hit patterns tend to follow

an elliptical distribution with the major axis down range (Ref 26:101).

This implies that O7x> 0-. From the authors' personal experience it

seems that in general (7x = 20 y. Each miss distance for the ALCM and

the bomber gravity weapons were generated in the FORTRAN subroutines by

a call to two normal distributions each with a zero mean and standard

deviations from the stated CEPs of each weapon. The SRAM delivery pro-

file was assumed to be semi-ballistic in order to attain maximum range.

This profile results in steep reentry angles. Due to the relatively

short distances involved and the steep reentry angle, the SRAM hit pat-

tern was modeled by a circular normal distribution with 17 Z

Appendix D shows how U x and 0- were derived from the CEP.

Overpressure Calculation. The overpressure that the target experi-

ences is a function of the miss distance, yield, and height of burst

(HOB). An air burst enhances the overpressure effect on ground targets.

When the blast wave from an airburst strikes the ground it is reAflec-

ted back, similar to a sound wave producing an echo. At a certain

region on the ground the original wave front and the reflected wave

front merge. This phenomenon is called the "Mach front". Overpressures

in this Mach front are generally twice as great as that at the original

blast wave front (Ref 27;38). The position of this Mach wave depends

mainly on the weapon yield and height of burst. The Mach effect Is the

reason for the characteristic "knee" shape of the curves in Figure 9.

Figure 9 depicts overpressure on the ground as a function of height of

burst and miss distance for a 1KT burst.
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Height of burst was optimized by selecting the applicable overpres-

sure of concern (10 psi) and then selecting the height of burst which

maximized the distance from ground zero at which the desired overpressure

effect is observed. For 10 psi an altitude of 710' was chosen. This

is called the "scaled" height of burst (SHOB).

The miss distances on the horizontal axis of Figure 9 are called

"scaled" miss distances because they pertain to a 1KT burst. If the

yield of the weapon differs from the 1KT reference, one must "scale" the

actual miss distance to the 1KT reference case. This is done via the

following scaling law (Ref 27:112):

R w 1/3
R Wi1 3  (31)
RKT 1KT

where:

R a actual miss distance

RIKT * 1KT reference miss distance

W a weapon yield in KT (kilotons)

This scaled miss distance and the scaled HOB are the entering arguments

for computing the overpressure at the target. The curve fit to Figure 9

is quite lengthy and is contained in Appendix E.

Damage Function. The probability of damage, PD, is described as a

random variable following a lognormal damage function of the form (Ref 25):

P ) fU1 EX-u n( " of dx (32)
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where:

A p a overpressure resulting from a given miss distance

Of l n(&P.5)

A - the standard deviation of the underlying normal distribution

Assuming a "Sigina-30" type target implies (Ref 24:IV-1):

Al .9 A' 31 .30 (33)

&P.50

where Ap x is the overpressure at which the probability of damage'is. x.

Using equation (33) along with the identities:

In&P.69 - Inp.0  (

ln~p.31 - lnAP.50 C

where ap.50 is 8 psi or 9 psi depending upon the weapon yield. Solving

these three equations (33,34, and 35) with three unknowns:

Ap.50 ,8 9

A P.69 - 9.29 10.45

AP.'31 '6.89 7.76

- .2979 .2988

The paraueterA was set equal to .30 for all weapons.
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To summarize, the parameters used in the lognormal damage function

were: 4

Gravity weapon SRAM & ALCM

ad- ln(8 psi) O= ln(9 psi)

-.30 .30

In summary, this chapter presented the main concepts of the model

DILUTE. These main concepts were structured in blocks. The blocks

were: Arrival Rates, Target Assignments, SAM encounter, AI encounter,

Target Damage. Each block was discussed and the underlying mathematical

relationships and logic flow was presented. The next chapter discusses

how these blocks were dovetailed into the SLAM network simulation

language.
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III. Computerization

This chapter provides a detailed description of the major aspects

of the penetration model. _The sections to be covered will begin with

the Initialization routine followed by the generation of Penetrator

Arrivals, the Target Assignments, the BSAM Encounter, the Al Encounter,

the Terminal SAM Eftwunter, and the Output Subroutine. Finally the

chapter closes with a summary.

The penetration model uses the SLAM network shown in Appendix A.

In general, the network routes penetrators through three independent

tiers of defenses (BSAM, Al, and TSAM) ultimately sending each penetra-

tor to either a "kill" node if it is shot down, or a "survive" node if

it successfully negotiates the defensive arrays. The network and sub-

routines will be discussed in the order stated above.

Initialization Subroutine (INTLC)

Prior to the start of the network an initialization subroutine

called subroutine INTLC, a user-written subroutine, is called by SLAM

before each simulation run to set the initial start-up conditions of

the model. These initial start-up conditions are variables that can

either be fixed or variable and are user dependent. SLAM uses an array

called XX(I) which is a single dimension array for storage of these

global variables that are common throughout the network. These var-

iables can be set in one portion of the network and then used in any

other portion of the network. The global variables that are set for

the initial start-up conditions can be found in lines 18 through 157

of the FORTRAN code (Appendix C). The creation and generation of the

penetrators will now be discussed.
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Penetrator Arrivals

The simulation begins with the generation of Bombers and ALCMs

entering penetration corridor #1 and corridor #2. The bomber arrivals

are generated from a lognormal distribution, and ALCM arrivals are gen-

erated from a normal distribution. The selection of these distributions

was explained in Chapter II. For the remainder of this study penetra-

tion corridor #1 will be used to describe the network structure, how-

ever, it should be noted that penetration corridor #2 network struc-

ture operates and functionally behaves as corridor #1. The ensuing dis-

cussion will focus on corridor #1 beginning with the assigning of attrib-

utes to the penetrators (entities).

ASSIGN Nodes (ASNI through ASN8)

The ASSIGN node is used to prescribe values to the attributes of

an entity passing through the ASSIGN node or to prescribe values to

global variables that pertain to the network in general. SLAM uses an

array called ATRIB(I) which is a single dimension array for storage of

attribute values that are tagged with each entity. A description of

the ASSIGN node ASNI is shown below and can be found in lines 64 and 65

of the SLAM computer code (Appendix B).

Atributes Description

ATRIB(1) - 1 Indicates that the entity is a bomber
ATRIB(2) - XX(3) Sets the speed of the bomber

ATRIB(3) - XX(4) Sets the RCS group of the bomber

ATRIB(4) XX(5) Sets the bomber altitude

ATRIB(11)- 1 Initial target zone assignment

ATRIB(15)- 1 Corridor number
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A complete description of all the attributes used within the model can

be found in Appendix F. Once the penetrators are generated and assigned

attributes they enter the target assignment algorithm.

Target Assignments

The target assignments are represented by Event nodes 9 and 10.

Event node 9, labeled as TGT1 in the network, calls subroutine 9 which

sequentially assigns bombers to their individual targets within Zones

2, 3, and 4. Event node 10, labeled as TGT2 in the network, calls sub-

routine 10 which sequentially assigns ALCMs to their individual targets

within Zones 1 through 4. The target assignments are then stored in

Attributes 21 through 24 which represent Zones 1 through 4 respectively.

A complete description of the target assignment algorithms can be found

in lines 930 through 952 of the FORTRAN code contained in Appendix C.

The next section will discuss the penetrator's encounter with the first

tier of defense, the Band SAM (BSAM).

BSAM Encounter

Once the target assignments are made, the penetrators continue

down their respective corridors until being detected by a BSAM. As

stated previously, the BSAM is representative of the first tier of def-

ense a penetrator can expect to encounter in-country. Quite extensive

network development was necessary to effectively capture the one-on-one

encounter between a SAM and a penetrator. The computerization not only

adds credibility to the model, but also captures the realism of a SAM

encounter. The actual SAM encounters are incorporated in a series of

USERF written functions which employ FORTRAN coding. By using the USERF
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functions all the elements of a SAM encounter could be determined and

set within the model. A brief description of USERF functions is now in

order.

USERF(1) (Appendix C, lines 173 through 207) determines the detec-

tion range, ATRIB(17), time to fly to SAM envelope encounter, ATRIB(6),

time to exit the SAM coverage, ATRIB(8), probabilistically determines

if the penetrator is detected or not, and if detected is sent to the

SAM queue indicated as SAMI in the network. At the same time a clock

is started with a duration time equal to the entity's time in SAM cov-

erage. This is accomplished by routing an entity through Activity num-

ber nine (see Appendix A). If the entity is not engaged by the time the

clock runs out (completion of Activity number nine), Subroutine 11 is

called which removes the penetrator from the SAM queue. However, if

the penetrator is engaged he is first routed to Event node 3 which calls

Subroutine 3. Subroutine 3 "stops the clock" by removing the "clock

entity" from the event calendar.

A launcher assignment algorithm, USERF(12), is then called to select

from those launchers available the launcher with the largest supply of

missiles remaining. See Appendix C lines 519 through 539. Once the

launcher Is selected, the site will have an opportunity to engage the

penetrator.

The actual engagement of the penetrator is now handed off to USERF(4)

(Appendix C, lines 248 through 390). USERF(4) is a mini-simulation of

the SAM encounter which computes the point of first missile fire, checks

to see if the penetrator is an ALCM or a bomber and computes the S/N or

J/S ratio respectively. Actual kills are Monte Carloed and compared
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against the Probability of Kill (PK) computed as a function of range

and J/S or S/N. The SAM tracks the penetrator until a minimum PK value

of .2 is attained, at which time the site may fire a missile. Missile

sites which are allowed to engage the penetrators are then tied up and

placed on the event calendar; they are released once the encounter has

terminated. If there is at least one missile left and there is a pen-

etrator in the SAM queue, then the SAM will engage another penetrator.

If there are no missiles or there are no penetrators waiting in the

queue, the launcher reloads as determined in USERF(2) (Appendix C,

lines 210 through 233). USERF(2) computes the SAM reload times, the

stockpile of missiles remaining, and the numberofmissiles left on the

launcher. If it is determined that a SAM site's entire missile supply

is exhausted, follow-on penetrators will pass through the SAM site cov-

erage and are never engaged by that site. If there is no kill, USERF(4)

will calculate a new position based on a three second interfire time and

will commence firing another missile. This procedure continues until

the penetrator is killed, leaves coverage, or the launcher is out of

missiles. The priority given to penetrators waiting in the queue is

given to the penetrator with the least distance remaining in SAM cover-

age. If the penetrator is killed, ATRIB(S), the status variable, is

set equal to one and the penetrator's entity is sent to a collect node

which gathers applicable statistics on the entity. If the penetrator is

not killed, the time out of coverage, ATRIB(8), is checked to determine

whether the penetrator is routed back to the next available SAM channel

for a second encounter or exits the area for the fighter area.

The second tier of defenses a penetrator can expect to encounter is

the fighter interceptor threat (AI) which will be discussed next.
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Airborne Interceptor Threat (AI)

Surviving penetrators from the BSAMs enter the fighter resource

node designated as FCAP. FCAP is divided into two groups of fighters,

CAP1 and CAP2. USERF(13) (Appendix C, lines 542 through 552) assigns

the penetrator to either CAPI or CAP2. In CAPI are those fighters who

b have only half of their missiles remaining and are presumed to be shorter

on fuel than those fighters in CAP2 which have a full weapon load. The

CAP1 fighters are given priority over those in CAP2 for the penetrator

engagement.

After CAP selection is determined, USERF(1O) (Appendix C, lines

451 through 506) is called to generate the following events: (1) the

fighter tie-up time, (2) the fighter arrival time, (3) the number of

missiles remaining, ATRIB(16), (4) the kill/no kill probabilities, and

the probability of detection and conversion, PDC, for "in" and "out"

of coverage. A confirmed detection of a penetrator by a GCI radar in-

itiates USERF(10) which eventually leads to either a kill or no kill

condition for the penetrator.

If the interceptor passes the PDC check, it advances to the end-

game (missile firing) position where a probability of kill check is

made. If the PK check passes, the status variable, ATRIB(S), is set to

one for a kill and the corresponding entity is sent to either a Bomber

or ALCM collect node which gathers statistics on the entity. If the

penetrator is not killed, the penetrator's out of coverage time, ATRIB(14)

is checked to determine whether the penetrator is routed back to the

FCAP queue, or exits the area for the Terminal SAM (TSAM). If the pen-

etrator survives, and sufficient time remains for a second encounter,
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the time of the next encounter will be determined by USERF(8) (Appendix

C, lines 427 through 437). USERF(8) determines the time to the next

GCI detection by using an exponential distribution with a mean based on

XX(45), the "cookie cutter" radius of the site and XX(26), the number

of GCI sites remaining in the system. If the time of the next encounter,

ATRIB(9), exceeds the penetrators planned time to enter the TSAM, ATRIB(14),

then the penetrator proceeds to the TSAM. Otherwise, if ATRIB(9) is

less than ATRIB(14), then the penetrator is routed back to the AI queue

with a time delay determined in USERF(8).

After an engagement, a fighter with missiles remaining is returned

to either CAP1 or CAP2. A fighter that runs out of missiles proceeds to

node MSLO and calls USERF(14) (Appendix C, lines 555 through 560).

USERF(14) computes the fighter turn-around times based on a uniformly

distributed flying time to return to base (RTB). It also determines

the ground turn time to reload, refuel, and rearm.

The third and final tier of defense is the Terminal SAM which

will be discussed next.

Terminal SAM (TSAM)

Penetrators that have survived the AI threat now enter the Terminal

zones designated as TMZN in the network. At the TMZN node, the penetra-

tors are branched according to ATRIB(15), the corridor status variable,

and ATRIB(11), the zone status variable. It should be noted that bombers

do not penetrate target Zones 2 or 3, but the bombers do launch SRAM

missiles from a "safe" distance of the SAM envelope. Bombers then pro-

ceed on to target Zone 4 and attempt to penetrate the defense. In the

terminal area there are a total of 18 launchers protecting Zones 2, 3,
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and 4.

Within corridor #1 of the terminal area there are three SAM sites,

two of which have three launchers each, and the third site protecting

Zone 4 has six launchers because it has twice as many targets to defend.

The same modeling strategies that were used for the BSAM are also used

for the TSAM. In other words, the detection process is determined in

USERF(1) and the SAM engagement process is determined in USERF(4) as

previously described. The TSAM network description can be found in

lines 320 through 720 in Appendix B.

Subroutine 8

All bombers and only surviving ALCMs are sent to Subroutine 8

(Appendix C, lines 805 through 930) labeled as Event node ZZ in the net-

work. This subroutine determines the amountof targets the penetrators

attack based on when they exit the area. For example, if the penetra-

tor is a bomber and is not:killed, Subroutine 8 allows him six SRAM and

three gravity weapon releases. If the bomber had been killed, the time

of the kill is checked against the scheduled SRAM launch times and, based

on the time of the kill, the bomber may release up to six SRAMs depend-

ing upon the depth of penetration.

Subroutine 2

Subroutine 2 (Appendix C, lines 686 through 775) is used in deter-

mining the VAPD and PD calculations which are a function of weapons del-

ivered. This subroutine computes and updates the VAPD variable, XX(25),

for targets struck in Zone 1. In addition, It determines the kill/no

kill status fur the EW/GCI sites and resets XX(26), which is the number
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of EW/GCI sites remaining. Finally, it determines the amount of target

value remaining on a target and stores the updated value in a targeting

matrix. See Appendix C lines 686 through 775 for a more detailed look

at this subroutine.

Subroutine OTPUT

Subroutine OTPUT, a user-written subroutine, is called at the end

of each simulation run and is used for formatting the model output.

Within Subroutine OTPUT there are three header subroutines which are

called to provide a format of the response variables. A complete list-

ing of Subroutine OTPUT can be found in Appendix C, lines 1021 through

1361. An example of a simulation run output is shown in Appendix G.

The computer simulation model described in this chapter allows for

a number of factors to be varied. The specific factors used in the sen-

sitivity analysis, and themanner in which these factors were allowed

to vary and interact are described in the next chapter.
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IV. Experimental Design

The design used in this simulation study was approached in a three

step process outlined below and proposed by Shannon (Ref 28:150).

1. Structural Model - the structural model is described
by and is a function of the number of factors (independent
variables) and the number of levels of each factor.

2. Functional Model - the functional model determines
whether all combinations of factors and levels will be
studied (full factorial design) or whether only certain
combinations will be examined (fractional factorial design).

3. Experimental Model - this is the final step in the
synthesis phase of experimental design. This model determines
the actual statistical approach to used, and the actual
levels of the factors to be studied.

This chapter will explain the three step systematic approach stated

above and will explain the statistical procedure selected in analyzing

the results of the model.

Structural Model

As stated earlier, the structural model consists of the number of

factors and the numberof-levels of each factor. The factors are the

independent variables which are to be controlled by the experimenter.

Several considerations were necessary in determining the number and

identity of the factors to be used. By reviewing the objectives from

Chapter I one can determine the control and response variables. The

control variables selected were: force mix, speed, and radar cross sec-

tion (RCS). The response variables are those variables that represent

the model output and were determined to be VAPD and probability of sur-

vival of the bomber (PSB).
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The next step in designing the structural model was to describe

the levels at which each selected factor should be measured. It was

desired to examine the response variables over a wide spectrum of pos-

sible factor levels. In order to accomplish this, the factors RCS and

speed were each set at three levels. In order to capture the entire

spectrum of changes in the response variables due to force mix, the

force mix factor was set at five levels.

Functional Model

In order to meet the objectives of this study, it was desired that

all interaction effects between the factors be examined. Therefore a

full factorial design was chosen as the functional model for this exper-

iment. A full factorial design means that all levels of each factor

are to be "crossed" with all levels of the other factors.

In order to determine the number of replications (or sample size)

required for each combination of factor levels, the approach presented

by Shannon (Ref 28:188-189) was used.

Sample Size Determination. First, since the variance,JT , was

unknown, it was necessary to run a trial experiment to obtain an estim-

ate of the variance (s ) and from this, the required number of observa-

tions could be determined. In this study a trial experiment of 60 sim-

ulation runs was used to estimate the population variance. To reduce

the overall variance, a stratified sampling plan was used. Using a

stratified sampling plan means segmenting the observations into subsets;

each subset is then sampled separately and the results are combined into

a single estimate. For example, the 60 runs were divided into 6 samples

of 10 replications with each sample corresponding to a unique set of

65



factor levels. The ultimate solution is for the elements within the

groups to be more homogenous (having less variation) than the elements

in the population as a whole.

The second step is to establish accuracy requirements for the re-

sponse variable. The response variable used was Value Averaged Prob-

ability of Damage (VAPD). The accuracy requirement is that the true

mean VAPO should fall within ±.05 of the sample mean VAPO with 98% con-

fidence.

Next the pooled estimate, S of the common variance was determined

from:

2 (nt 1) s 2

Sp Z(ni - )(36)

where:

n = the number of observations in the trial sample, i

s - the estimated variance from sample, i

From the results of the pilot study:

2 .0191$p

From the estimated variance a pooled variance estimator (S ) was deter-

mined from:

s 2 . (37)K
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where:

S .0191

K = 6, the number of groups selected from the total population

Solving equation (37)

= .003

Finally, to determine the sample size required the following equa-

tion was used (Ref 28:189).

St SZ

n = 2(38)

d
2

where:

t, = tabulated t value for the desired confidence interval and
the degrees of freedom of the initial sample.

d - the half width of the desired confidence interval

s2 - the estimate of the variance obtained in the trial experiment.

Since the objective of the design study was to be at least 98% con-

fident that the sample mean of VAPO falls within ±.05 of the true mean,

the following parameters are used in finalizing the computation of sample

size determination.

0( l2%

t - 2.82 with 9 d.f.

d - ±.05

therefore n • 9.5 - 10.
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I
Thus, the minimum number of replications required was ten. In order to

determine the total number of computer runs, the following expression

was used:

kI  k2

N - p( q1
1  q2 ) (39)

where:

k number of factors (input variables) at 3 levels

ql = number of levels for factor k, - 3

k2 a number of factors at 5 levels
02

q2 - number of levels for factor k- 5

p - number of replications

N - total number of computer runs required

Solving for N:

N - (10)(3)2(5)1

N - 450 total runs required

Experimental Model

The experimental design should quantify a solution to the problem

4 statement of this thesis. Most experimental designs are based upon

using either analysis of variance or regression analysis upon the data.

In general, analysis of variance is used if any qualitative factors are

present, and regression analysis is used if all the factors are quantit-

ative (Ref 28:163). Since the factors are to be treated as levels of

attainment, they may be thought of more in qualitative terms. For this

reason an analysis of variance (ANOVA) approach was used. An underlying
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assumption of ANOVA is that the variance within samples is homogenous

(Ref 21:36). Cochrans test was used in checking for homogeniety of var-

iance. The results of Cochrans test indicated the assumption of equal

variances was reasonable. The remainder of this chapter describes the

factors and factor levels used in the experiment.

The first factor, Force Mix, is set at five levels:

1. 0 ALCMs / 40 Bombers
2. 80 ALCMs / 32 Bombers
3. 200 ALCMs / 20 Bombers
4. 320 ALCMs / 8 Bombers
5. 400 ALCMs / 0 Bombers

Any number of force mix combinations could be chosen for this analysis,

however, by testing the extremes and mid-point values, one can adequately

measure the entire spectrum of force mixes upon which inferences can be

drawn.

The second factor, Speed, is set at three levels, 380, 600, and

800 knots. The lowest level of speed, 380 knots is representative of

present day bomber and ALCM speeds. The second level, 600 knots is used

as the limiting speed for projected subsonic penetrators. The third

level, 800 knots, was chosen as the limiting speed for projected super-

sonic penetrators. It has been stated that once aircraft are designed

for speeds above Mach 1, life cycle and development costs skyrocket.

Supersonic speed at low level does not add more effectiveness when corn-

ared to adding ECH and low RCS techniques (Ref 29:110). It was because

of this assertion that the third speed level of 800 knots was investigated.

The third factor, RCS, is set at three levels. The lowest level is

representative of a worst case RCS profile for each penetrator. Sub-
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sequent RCS sets are successive 10 dB improvements over the worst case.

See Table 2, page 30 for a complete description of the RCS values used

in the model. The factors and levels are summarized in Table 4.

In summary, once the measure of effectiveness (VAPD), the appro-

priate sample size, and the experimental design were determined, the

experiment was run. The next chapter presents and interprets the anal-

ysis of the results.

7
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Table 4

L evels, 1 2 3 4 5

Factors

Force Mix 1 2 3 4 5

Bombers 100% 80% 50% 20% 0%

ALCM 0 20 50 80 100

a Speed 380 knots 600 knots 800 knots -

RCS 0 dB -10 dB -20 dB

The percentages for force mix denote the percentage of the total

number of offensive weapons allocated to the particular weapon system.

RCS values are In decibel level improvements from the reference case.
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V. Data Analysis

In this chapter the analysis of the data will be presented in two

sections. The first section will present the analysis for the response

variable, VAPO (Value Average Probability of Damage) which is the

measure of the proportion of the enemy target base destroyed. The

second section will analyze the response variable, PSB (Probability

of Survival of the Bomber). The control variables used are Force Mix

(5 levels), Radar Cross Section (3 levels), and Speed (3 levels). Sim-

ulation runs were batched in five groups, one for each force mix. Each

group contained 90 sample runs (3 levels of RCS x 3 levels of Speed x

10 replications). The data was written onto a data file which then

was read into a statistical analysis package called SPSS (Statistical

Package for the Social Sciences)(Ref 30). A total of 12 response var-

iables were written onto the data file for model verification and val-

idation which will be discussed in Chapter VI. The following section

describes the effects of Force Mix, RCS, and Speed on VAPD.

VAPD

A three factor analysis of variance (ANOVA) was run using VAPO as

the response variable. For a more complete description on how to

interpret ANOVA results the reader is referred to Chapter 6 of "Fundam-

ental Concepts in the Design of Experiments," by Charles R. Hicks.

Appendix H contains the ANOVA tables for all SPSS runs. The data

shows that all main and interaction effects were highly significant.

Main Effects. Speed and RCS were significant main effects as would

be expected. Force Mix was also significant. Significance, as deter-
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mined by AN|OVA, only means that at least one level of the factor was

statistically more significant than the others. ANOVA makes no infer-

ence as to which of the levels of a factor yielded statistically higher

or lower values of the response variable. In order to determine those

levels of the factors that had significant effects on the response var-

iable a series of Newman-Keuls ranges tests were used to determine the

significant differences between levels of Force Mix, Speed, and RCS.

A statistical significance level of 5% was used. For a complete descrip-

tion of the Newman-Keuls ranges test the reader is referred to Refer-

ence 31:235. Each level of Speed and RCS was significantly different

from the other with increasing Speed yielding higher values of VAPO as

did higher levels (decreasing cross sections) of RCS. This is consistent

with what one would expect to occur with improved Speed and RCS.

The factor, Force Mix, was analyzed at five levels with increasing

levels indicating higher percentages of ALCMs in the total force. Force

Mix level one is a 100% Bomber forca while Force Mix level 5 is a 100%

ALCM force. There was no statistical difference between Force Mix

levels 1 through 4. Group five, however, was significantly higher,

inferring that a pure ALCM force yields higher VAPD over all RCS and

Speed groups. However, interaction effects were also highly significant,

especially Force Mix and RCS. Interaction between two factors means that

a change in response between levels of one factor is not the same for

all levels of the other factor. The following subparagraph will discuss

the impact of the interaction effects.
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FMIRCS Interaction. The most significant interaction effect was

the two-way interaction of Force Mix and RCS. Figure 10 is a plot of

the response variable VAPD as a function of Force Mix (FM) at 380 knots

for three different RCS groups. In interpreting this graph and all sub-

sequent graphs in this chapter, it is important to note that the lines

drawn between the data points only serve to emphasize the change in the

response variable between levels. The fact that the lines are straight

does not necessarily imply a linear relationship. For RCS groups 1 and

2, Force Mix level 5 dominates with a statistically higher value of VAPD

than all other Force Mix levels. Dominance was statistically determined

via additional Newman-Keuls ranges tests using sub-groups comprised of

individual levels of RCS, Speed, and Force Mix. These tests will be

explained in more detail in the section on three-way interaction on

page 79. At RCS level 3, however, there is no statistical difference

between the two highest VAPO values which occur at the extremes of a

pure Bomber and pure ALCM force. Figure 11 shows the same plot for 800

knots. At 800 knots and RCS level 3 the pyre Bomber force dominates.

These effects are quite interesting and require some explanation.

At RCS level 1 the pure Bomber force does very poorly no matter

what speed was used. Infusion of ALCMs dramatically improves the results.

For all situations a characteristic rise in effectiveness occurs between

Force Mix groups 4 and 5. It is at these force levels that the satura-

tion and exhaustion factors of the ALCM begin to emerge. At 380 knots

and RCS level 3, the overall capability of the force at first decreases

with an increasing proportion of ALCMs. This implies that, on a one to

one basis, the manned bomber with ECM is a more effective penetrator at
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this RCS level. However, once the proportion of ALCMs is increased to

80%, the saturation and exhaustion aspect of the ALCM force overcomes

its lack of ECM. At 800 knots the RCS and Speed interaction is signif-

icant in that it pushes the pure Bomber force effectiveness to .9 which

is statistically significantly higher than all other Force Mix combinations.

RCS/Speed Interactlo-.--he interaction between RCS and Speed is

also highly significant and warrants discussion. Figure 12 is a plot of

the response variable VAPD as a function of RCS for the three different

Speed levels. The values of VAPD used may be found in Table 5 on page

79. These values, shown in parentheses in Table 5, are the VAPO results

of the dominant force mix group or subset of groups as determined by the

Newman-Keuls ranges tests. In Figure 12 one notices that, for each RCS

level, higher speeds yield higher VAPD. However the magnitude of this

change increases with better RCS. At RCS level I the difference in VAPD

between Speed 1 and Speed 3 is .10. However, at RCS level 3 the differ-

ence is .30. Thus speed and RCS are complementary, and together they

mutually enhance the effects on VAPD.

FMI/RCS/Speed Interaction. The three-way interaction between the

factors was also highly significant. This implies that the force mix

which dominates in terms of maximum VAPO is highly dependent upon the

RCS and Speed level in question. In order to further investigate this

interaction, nine one-way ANOVAs were run with VAPO by Force Mix for

each RCS and Speed combination. A Newmnan-Keuls ranges test was'performed

on the means of the response variable VAPD to test for significant dif-

ferences amongst the Force Mix groups. The significance level used was
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Figure 12 VAPO vs. RCS
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5%. The following table shows the dominant Force Mix group for each

combination of RCS and Speed. Two cases specify more than one force

mix group. For these cases no single force mix group dominates and

the groups specified within the cell comprise a homogenous subset which

dominates the remaining groups. The numbers in parantheses are the

means of the variable VAPD for the dominant group or subset.

S2eed 1 3
RCS _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1 5 5 5

(.327) (.397) (.425)

255 1,2,5

(.363) (.460) (.520)

3 5,1 1 1

(.611) (.789) (.899)

Table 5 Dominant Force Mix Groups

79
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PSB

A three factor ANOVA using bomber survivability (PSB) as the re-

sponse variable was run to determine the effect of the factors RCS,

Speed, and Force Mix on bomber survivability. Appendix H shows thef
ANOVA results for this experiment.

b

Main Effects. Both RCS and Speed are highly significant while

Force Mix is insignificant. Before conclusions can be drawn, an exam-

ination of the interaction factors is necessary.

RCS/S_eed Interaction. Again RCS and Speed interaction was highly

significant. RCS/Speed interaction was discussed in the previous sec-

tion for the effects on the response variable VAPD. This same discus-

sion may be extended for RCS/Speed interaction on the response variable

PSB since survivability and value damage are such highly correlated

issues.

FM/RCS Interaction. Figure 13 shows the results for PSB plotted

against Force Mix for the three different RCS levels. The results are

composites over all Speed groups. From this figure one notices an im-

mediate inconsistency between the RCS levels. RCS levels 1 and 2 show

an apparent upward trend in bomber survivability with increasing ALCM

force mixes. However at RCS level 3 the opposite trend is evident. At

first glance this appears inconsistent and counter intuitive. Further

investigation is in order.

There were three levels of defenses modeled in DILUTE. These

were the BSAM, the Al, and the TSAM. Three additional ANOVAs were run

80
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Figure 13 PSB vs. FM



with three factors each. The response variables used were Probability

of Survival of the Bomber against the Band SAM (PSBBS), Probability of

Survival of the Bomber against the Terminal SAM (PSBTS), and the Prob-

ability of Survival of the Bomber against the Airborne Interceptor (PSBAI).

The ANOVA tables for these results are included in Appendix H. Figure

14 shows the plot of PSBBS with Force Mix. The data is a composite of

all Speed levels. At the BSAM the bomber survivability increased dram-

atically with increasing ALCM force mixes. At RCS group 3 the results

were less dramatic because the Bomber's low RCS combined with ECM make

its survivability less dependent upon the saturation effects of the

ALCM force.

The impact on bomber survivability due to Force Mix at the TSAM

is much less noticeable than at the BSAM as witnessed by the large dif-

ference in the F ratios for Force Mix between the BSAM and the TSAM

(see Appendix H). In fact at the 1% level of significance the hypothesis

that there is no significant difference between Force Mix levels for the

TSAM cannot be rejected. This is as expected because of the thinning

of the forces as they enter the final defense layer. Also TSAM satura-

tion is very difficult to acheive because the offense cannot employ

concentration of force in attempting to penetrate at this phase of the

mission. Figure 15 shows the plot of PSBTS with Force Mix. There appears

to be no inconsistencies of the type displayed in the PSB analysis.

The inconsistencies manifested themselves in the AI area. Figures

16, 17, and 18 show PSBAI and PSMAI (Probability of Survival of the ALCM

against the AI) plotted against Force Mix levels for three different

speeds. The ALCM survivability increases consistently with higher Force
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Mix levels. RCS level 3 improves ALCM survivability against the Al to

values approaching 100% regardless of the force mix.

No such consistency is evident for the Bombers. The interaction

here is a much more complex phenomenon. In fact it even appears that

in some cases a Bomber RCS improvement to level 3 actually decreases

Bomber survivability agains the Al. In order to explain this phenomenon

it will be useful to restate some of the basic structure of the model

DILUTE and to re-emphasize a certain feature of the experimental design.

In DILUTE, detection by ground sites is independent of RCS due

to the excess radar transmitter power of these sites. However in the AI

encounter, a figher's Probability of Detection and Conversion (POC) is

heavily depenton RCS because it is technologically infeasible for a

fighter to carry a radar with as large a power output as the ground

site. When an ALCM's RCS is enhanced to level 3, the AI"scapability to

find the ALCM is severely degraded to an average PDC of approximately

5%. This causes the fighter not to spend time either engaging the ALCM

or using up his missile resources and having to land and rearm. This

makes the fighters more readily available to engage the bomber. In

the design of this experiment, Bomber RCS was not varied indepndently

of ALCM RCS. Thus, when the bombers experienced a 20 dB improvement in

RCS so did the ALCM.

To summarize, the effects of bomber survivability with increasing

proportions of ALCNs in the force is significant at the BSA with defense

dilution by the ALCM enhancing the bomber's chances of survival. It

is questionable whether the same can be said of the TSAM. While the

trend shows an improvement in bomber survivability at the TSAM with
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increasing ALCM force proportions, the results are much less signific-

ant than the BSAM results. Increasing proportions of ALCMs in the

force had a marked detrimental effect to bomber survivability in the

Al encounter at RCS level 3 because the fighters could not engage the

ALCH leaving more fighter resources available to engage decreasing num-

bers of bomber penetrators.

This chapter has explained the analysis of the data obtained in

the experiment. The next chapter explains the verification/validation

of the model.
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VI. Verification/Validation

In order to establish credibility in the results of any simula-

tion modeling effort a "validation" process must be undertaken. There

is no clear line distinguishing between what is called verification and

what is referred to as validation. Fishman and Kiviat (Ref 33:30) dlv-

ide-the-evaluation of simulations into three categories:

(1) verification - insures that the model behaves as the
modeler intended it to behave.

(2) validation - tests the agreement between the behavior
of the model and that of the real system.

(3) problem analysis - draws statistically significant
inferences from the data generated by the model.

Problem analysis was discussed in detail in the previous chapter. The

remainder of this chapter is devoted to establishing credibility in the

results obtained from the model DILUTE. The chapter is divided into

two parts. Part one deals with verification and part two contains a

discussion of validation.

Verification

The process used in model verification may be divided into three

parts. These parts are: Network Construction, FORTRAN Subprograms, and

the TRACE Option.

Network Construction. The flows of the penetrators were modeled

on a network pattern with the three tiers of defenses (BSAM, Al, and

TSAN) and verified one tier at a time. As each layer was added the

I
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flows into and out of each section were checked for consistency. In

order to accomplish this, a tally was kept of the number of entities

which completed certain key activities. The tallies are tracked within

SLAM by the array NNCNT(I) which represents the number of times activity

number I was accomplished. For example, in tracking the transactions

through corridor number one of the Band SAM the following network rela-

tionships are noted:

# of Pens # of Pens # of Pens # of Pens # of Pens
entering = not detected + escaping + killed by + surviving
corridor 1 and thereby BSAM due to BSAM BSAM
BSAM bypassing BSAM SAM saturation engagement engagement

These relationships are expressed mathematically by:

NNCNT(I) = NNCNT(78) + NNCNT(9) + NNCNT(7) + NNCNT(8)

See Appendix A for the arcs which these activity numbers represent. If

this equation had not balanced, it would have pointed out problems in

the network flow.

FORTRAN Subprograms. The user functions were computerized and

verified separately. The verification was accomplished with TI-59 hand

calculations. The most complex functions modeled were the calculation

of the Probability of Damage on a target and the mini-simulation of the

SAM encounter. Program PSI was used to calculate target PD. The inputs

for this program are weapon yield, height of burst, miss distance, and

target vulnerability. An example of the output with intermediate cal-

culations is included in Appendix I.

Program SAX was developed as a one-on-one simulaiton of the SAM
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encounter. Inputs are penetrator type, speed, RCS group, missiles

remaining on the launcher, distance offset from the site, range of

initial detection, and time of entering and time of exiting coverage.

A sample output of SAX is also included in Appendix I.

TRACE Option. The TRACE function of SLAM is an option that is

invoked in order to track events and individual entities with their

attributes through the network. This option was used throughout the

building phase of the computerized model. Data from a TRACE report has

been extracted and is included in Appendix I.

Validation

While verification is the process of building confidence in the

results obtained from the model, validation is the process of building

confidence that the model behaves as would the real system (Ref 33:v).

Actual statistical comparisons between model output and the real world

would be an ideal validation. Such a validation is certaintly impossible

for the model DILUTE because the real world that DILUTE models, strategic

penetration of enemy territory in a nuclear war, has yet to occur. Other

methods must be found to build confidence in the model output.

* Schlesinger (Ref 34:927-933) suggests validating models by estab-

lishing the reasonableness, or face validity of the model. He divides

this into tests for continuity, consistency, degeneracy, and internal

validity. These tests are discussed in the remainder of this chapter.

Continuity. Continuity is tested by insuring that changes in the

output data are commensurate with changes in the input data. This process

is thoroughly documented in Chapter V, Data Analysis. The results of
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Chapter V show that penetrator survivability and damage levels responded

as expected with higher penetrator speeds yielding higher values of sur-

vivability and damage levels as did improved Radar Cross Sections.

Consistency. Consistency is tested by insuring that the model

yields similar results when similar cases are run. DILUTE's runs were

tested for consistency with various random number streams which yielded

statistically similar results for the same input data.

Degeneracy. Degeneracy is demonstrated when parameter values are

chosen in order to eliminate a feature of the model and then the model

reacts as if the feature is not there. For example, in DILUTE,satura-

tion and exhaustion of the defenses was a major feature that was modeled.

It was hypothesized that saturation was to play a major role in force

effectiveness when a high proportion of ALC~s was used and not so large

a role when a high proportion of bombers was used. Two samples of 10

runs each were accomplished with saturation eliminated. Saturation was

eliminated by allowing the SAM launchers to be loaded with 100 missiles

each (instead of 4) at the start of the simulation. The values of the

control variables for each sample were:

Force
Mix RCS Speed

sample #1 2 3 3

sample #2 5 3 3

Two response variables were chosen. The first variable was VAPD, which

was the primary Measure of Effectiveness of the model. The second

response variable is Probability of Escaping the Band SAM (PESCBS) which
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is the proportion of the total number of penetrators escaping the Band

SAM threat due to saturation. The mean values of the response variables

are shown below:

VAPO PESCBS
4 msls/ 100 msls/ 4 msls/ 100 msls/

launcher launcher launcher -launcher

Force Mix - 20% ALCH .79 .77 .211 .208

100% ALCM .67 .02 .645 .003
i4

As can be seen from the values, changing the number of missiles per

launcher had an insignificant effect on force effectiveness and sat-

uration when the force consisted of only 20% ALCM. However when the

force was comprised of all ALCM the results changed dramatically.

Internal Validity. Internal validity is established if the model

responds as expected when runs are made with certain factors set well

beyond the limits of the study. DILUTE was sampled at 200 knots and

at 2000 knots. The conditions of the sample runs were:

FM RCS Speed Replications

#1 2 3 200 10

#2 2 3 2000 10

The results of these runs along with the results of the design study

using the established values of Speed are shown below:

200K 380K 600K 800K 2000K

VAPD .40 .52 .67 .77 .94

The results show that the response variable VAPD demonstrates consistency

at the extremes.
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Another check that was made was to change one of the assumptions

of the model and see that the variable VAPD behaved as expected. DILUTE

is modeled with a weapon to target ratio of 2:1. A check of the response

of the variable VAPD was made with a weapon to target ratio of 1:1.

Ten runs were accomplished with the control variables set at:

FM - 4 (80% ALCM)

RCS = 3

Speed - 600 knots

The mean value of VAPD was .11 as compared with a VAPD of .52 with a

2:1 weapon to target ratio. Due to the saturation aspects of this force

mix, the effectiveness more than doubled when the weapon to target ratio

was doubled. Therefore this establishes the internal validity of the

model.

In summary, model verification was accomplished by verifying each

phase of the model as it was constructed. The design of the model lent

itself to this by the structuring of tiers of defenses and by modular

FORTRAN subroutines. Internal verification was built in by tracking

activity counts throughout the stages of the network. The TRACE report

was used extensively in tracking individual penetrators through the net-

work. Model validation was accomplished by building confidence in the

face validity of the results. Basically this was accomplished by a sen-

sitivity analysis on the control variables and by checking the response

of the model when certain assumptions were varied.
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VII. Conclusions & Recommendations

This thesis was devoted to developing a mini-campaign model for

studying the effectiveness of various ALCM/manned penetrator force mix

combinations. This chapter is divided into two parts. Part one con-

tains the conclusions reached through this study effort. Part two con-

tains recommendations based on the analysis of the results obtained

from the model DILUTE.

Conclusions

The conclusions of this thesis effort are:

1. Given the structure of this experiment, significant

differences do exist between force mix combinations of

ALCM and manned bombers, however the results are highly

dependent upon the factors of RCS and Speed.

2. Bomber survivability against the peripheral defense

of the BSAM can be significantly enhanced if the bombers

are used in concert with cruise missiles due to the defense

dilution aspect of the ALCM. The same effect is true

against the Al as long as the AI has a reasonable chance

of detecting the ALCM. When the AI could not detect the

cruise missile, bomber survivability decreased because more

fighter resources were available to engage the bomber.

Enhancement of bomber survivability by ALCM dilution at

the TSAM is not statistically significant at the 1% level.

3. Pure forces dominate mixed forces as can be seen in

Table S. The dominant characteristics of the forces are

ECH for the bomber and saturation for the ALCM. The results

of the study imply that for a force to be effective, one of

these aspects must be exploited.

96

i I



4. The decisions on force mix are heavily dependent upon

RCS and Speed improvements. At the low end of the spectrum

of these factors the pure ALCM force dominates. RCS and

Speed improvements significantly enhance the bomber's ECM

capability causing a pure bomber force to dominate at the

higher levels of RCS and Speed.

The results of the experiment also led to some conclusions which

did not directly relate to the objectives of the thesis effort. These

conclusions are:

1. Speed and RCS are complementary and together they

mutually enhance value damage.

2. It is evident from Figure 12 that the change in mission

effectiveness is greater for a speed improvement from 380

knots to 600 knots than from 600 knots to 800 knots. This

implies decreasing marginal benefits in effectiveness with

higher speeds.

Recommendations

As was noted in the data analysis section, the manned bomber with

an enhanced RCS and Speed profile was a much more effective weapon system

than the ALCM. This was evident because as the ALCM force percentage

was increased there was a substantial drop in effectiveness until the

ALCH force size was increased to the point of defense saturation at

which point ALCM effectiveness began to rise. At improved RCS and Speed

levels the ALCM, even with significantly lower radar cross sections than

the bomber, could not compete on a one for one basis with the manned
.:

penetrator. The difference: ECM. For this reason the authors conclude
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that immediate research be undertaken to implement an ECM equipped ALCM.

Assuming that this is feasible, ECM should be given priority over fur-

ther RCS reductions on the ALCM.

9
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VIII. Recommendations for Follow-On Study

This research effort could not address all aspects of the system

studied or answer all the questions that need to be asked. Some rec-

ommended areas for follow-on study concerning strategic force mix op-

tions are discussed In the following paragraphs.

As mentioned in the previous chapter, an ECM equipped ALCM was

recommended as a future generation unmanned penetrator. Research needs

to be done to determine the tradeoffs between ECM power added, range

degradation, and targets destroyed.

Saturation played a major role in ALCM effectiveness. The use of

decoys should be investigated to determine if saturation levels could

be acheived in a cheaper manner.

Since saturation does play such a major role in ALCM force effective-

ness, a sensitivity analysis could be done on the defense concetratlon

levels. While the defense levels were carefully researched and are rep-

resentative of high threat target areas, a study could be done to deter-

mine the sensitivity of the results to changes in defense strength.

The ALCMs and Bombers were traded off on a warhead for warhead

basis. Assuming the bomber's weapon load was ten offensive weapons, the

tradeoff of ALCMs to bombers was 10:1. A study could be done analyzing

the tradeoffs between equal cost forces. In costing the ALCMs the cost

of the ALCM carriers needs to be included.

Overpressure and target damage response was carefully modeled with

extensive detail. This allows for studies to be accomplished using a

wide range of target types. In this study the penetrators attacked
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relatively soft urban/industrial targets. Research could be done using

hardened targets or a mix of target types.

DILUTE was a force on force model of offense vs. defense. How-

ever, the ECM engagements were modeled on a one on one- basis. This is

offense conservative in that bombers flying in the vicinity of cruise

missiles could provide "buddy" standoff ECM support. This is also a

limitation that has been identified in the APM--(Advanced Penetrator

Model) by Hoeber (Ref 10:104).

ECK effectiveness against the SAM was explicitly modeled by estab-

lishing weapon CEP as a function of range and J/S noise ratio. However

ECM effectiveness against the AI was implicitly modeled using an ECM

factor derived from an existing model (this same approach is also used

in APM). The same methodology used in the SAI encounter could be in-

corporated into the Al engagement by calculating weapon CEP as the

fighter closed on the penetrator.

One advantage of the manned bomber that was not modeled was the

ability of the bomber to perform damage assessment (DAS) to determine

whether to strike a target or to withold the weapon for use on an un-

struck target. Presently in DILUTE if a bomber's target has been des-

troyed, the bomber still delivers a weapon on the target. This adds no

value to the total value destroyed computation. Meanwhile there are

other targets that go unstruck. While it is reasonable to assume no

DAS for SRAM missiles fired in the forward azimuths, the bomber gravity

weapons could be used with DAS employment methods.

A more extensive statistical analysis could be accomplished using

response surface methodology (RSM). Shannon (Ref 28:169-171) states
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V

that if the dependent (VAPD) and independent (FM,Speed, RCS) variables

are quantitative and continuous, RSM is usually the most appropriate

approach to use in determining optimality in simulation projects. RSM

involves a series of small experiments with a full or fractional fac-

torial design in order to explore the response surface. Once the peak

of the surface (optimum) condition is found one needs to determine the

equation of the response surface as a function of the independent var-

iables in the area near this optimum. More underlying philosophy and

use of RSM techniques can be found in a number of other textbooks in-

* cluding "The Design and Analysis of Industrial Experiments", by Davies,

"Experimental Design", by Cochran and Cox, and "Fundamental Concepts in

the Design of Experiments", by Hicks.

The areas mentioned in this chapter are the major aspects of DILUTE

that could be expanded and studied. It is impossible to say whether or

not incorporation of any or all of these features would significantly

affect the output of the model. DILUTE, in its present form, does accom-

plish the purpose for which it was designed to the necessary degree of

accuracy.

1
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APPEND)IX A

SLAM STRUCTURAL MODEL
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APPENDIX B

SLAM COMPUTER MODEL
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275 Come 1;
V76 ACrI27tATRIucI4)-TNutATRIB(9) .CE.ATRII(14) tTmiN;
277 ACTI33tvATEII(9)X.T.ATRIh14;

279 ACToATRIl( 18)iiJCAP
zoo ACTlZ~tATRIDUP)-TNOV;

282 ACTvvtTWl
Z83 FCAP AVAIIWhAiJlil;
284 £wuNT31; I

m1 ASSICNvATRIV(16):IJSERF(13) p1;
214 ATt9ATu1I(16).E4..CAP1;
287 ACTtiATRIU6).EQ..PCAPZ;

288 CAPt PMIThIU.#AIIIIPI;
289 ACTtUSERFUtfhIAIC;
290 CAP? AVAITU~iAlilnl1
291 ACTOusERFuWitAIC;
29 A10 MAI~t
29 4C1176ivAThll(5) .EQ.*.tASN4v
294 AKrI29,ATRl15) .E.hAlK;

2 5 ACT3lvvATRl(t6) .EG.l.tKUu;
2% ACTJ31prAIR13(16) .1.4I;

297 ACT132f WARII (10) .. iRD
290 RT MOet;
t99 ACT ,USEE(14),iN~Ul
30 RI Mf@lI
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361 ACIPUSERF US) ,.SL1
362 RZ GoN 11;
3#3 ACloUSERF(13) .dRSLl
3#4 RSLI FREEFAI2ild;
365 ACTitiFRAI;
366 NSL1 ALTER.AI/lld;
361 ACTitFRAUt

*368 MIU FREEvA1211,1
369 AcT.,.VRAI;
33 RAt FREEtAi.ttl;
311 TERH1NATE;
31? c
313 AIK COLCT.DETIEENPPENS KILLED Al tZ
314 ACT/349vATRIB(1).EQ.vAIRK;
310 ACT135, wATRIV(1) .EQ,2. tAICKl
316 AIRK COLCTETIEENMONR KILLS Alipti.;
317 AC~t,?zz;
318 AICK COLCTrOETIEEUCN KILLS Alvttli,
319 TERNINATE;
326 TNZN ASSICKATRIDCI7):USERFihll
321 ACTI77,ATRIi(B)-TNO'tATRII(5) .EQ.6.,ZZI
322 ACTI37tvATRII(15.E. .AND. ATRIBUIU MMQ. tC2
323 ACTI38tvATRIBUSI~.ELI1 .AND. ATRIBU11 UMMINC1
324 ACTI39tiATRIBMi.EQ.1 MO. ATRIBU1LEQMMT14;
32S ACTI4OiATRIh(151.EQ2 *AND. ATRIBUUUMM3~C3
3M ACTI41iATRIMU. .AND. ATRIBUU M97O~.ZZ;

328 AMrATRIR(6) ,TSIZI
3R? ACTtvtES1?;
330 TS1? AMAIT(MihSANI2I1.1l
331 EVEN13ill
332 ASS1GNiATRIMM6):SERF(Uhl ,
333 ACT. vATRIUD6.E.7L;
334 ACT, ,ATRIB(6) .EG.8vL8;
335 ACTtvATRIB(6) .EQ.9iL9;
336 L7 ARAIT(IMPLsANIZIhi;t
337 AMUdSERM();

* 338 MCoU~z
339 ACTtvATRI().EQ6 *AND. TNO.LT.ATR1Il8)tRTN3;
34# ACTlS..tATRI3(3).EQ.# *AND. TNOCU.G.ThIB(8)ZZ;
34t ACTitATRIBMUMMQ..TIZ;
342 ACTitIMUM5)E. MO. NNB(13).EU.ftLD7i
343 AC7;

345 ACTtUSERF()#tFL71
344 311 Gmttfz
347 Ac7147totTS12;
34 AM v tES12;
349 11(12 COLCTBET1EEUPENS KILLED TS12.w,,Ht
356 ACT149
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351 TERNATE;
M5 LD7 GOO~il;
353 ACTUSERM(11
354 FL7 FREEMLSAN1Z/1.1
355 ACTi,,FSIZ;
354c
357 L8 AUAIT(19)gLO$ANZ/1,1;
358 AcTUSERM();
359 COOMI?;
3fi0 AMbATRI~SM ".f .AD. TROC.LIAIRISMA1,R13

31ACTl5fiATRlU(5M.E2.0 AND. TNOM.E.ATRIB(8).ZZ
362 ACMwATRIR(5) .1TIZ
363 ACTPAIM?.E4.1 .ORANNUM1 .~.sLD8

366 KCT USERF (18), FLO;
347 1D8 COOM I
348 ACT*USWR(17)t
349 FLO FfEEMLSANIZ/tl;
370 ACb,,iFSIZ;
371 C
37? L9 AVAtT(tgIMLSAnMv11;
373 ACTMuERF(4;
374 ONZ
375 ACTIATRIM5AEQ .AND. TNOLTATRII8)ARN
376 ACrI~lviATR81(5),EQ.B .AL TNOVGE.ATRIt8)'Z
377 ACit1 ATRI5SI .EA ITl±
378 ACTit1(53I.E4.1 AO. N(133,EQ.#iLD9;
379 ACT;

381 ACTiUSERFI18hFL9;
38? LB9 GOMMd
38 ACTvUsER(17);
384 FL9 FREEPL9SAKI?/1Iv1
385 ACT~viFSIZ;

387

368 TIRINAI
381 ESIZ twill
386 ACTl4?ATRIBtS)-TOU;
311 EfflNf 131 ;
31t ACTmzz;

394 C

397 ACT ATRII(4) ,7SIN
m U mE13
391 IS13 AVA1T (141 SM13I11t1;
400 EVIt3pdS
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441 ASSICNATRIB(UMSERF(Uhl,;

4#2 ACTivATRIB(&).EGAoI~i;

464 ACT. ,ATRIB(6) .EQ. iZtiiZ;
445 LI# AVAIT(2I;.LI#sANI3nl;
444 AC vUW(4) 1
417 cOON,;
448 ACT.ATRID(5).E.0 .AD. TNON.LTATRIBISRTN4;
419 ACT/51ttATRIU(51.EO.9 .AD. TNOV.C.ATRIBi()zz;
411 ACT.ATRIB(5A0E.1,TKI3
411 ACTttII(34) .EQ.# .OR. NNQ(14) .EO.#tLDII;
412 ACT;
413 COOuVi;
414 ACTtUSERF(18) tFUI
415 RTN4 cOOutzl
M1 ACTIS3titTS13;

f417 ACTottES13;
418 TK13 COLCTBETVEENtPENS KILLED TS13mil,;
419 ACT/54i
4Z# TERNINATE;
421 1013 GOONv 1
422 AMTusERFU7;
423 FLiO FREULAN1311il;
424 ACTIVIFS13;
425 C
4Z6 Ul AVIT Q2I vL11SAN13I I;I
427 AMTUSER4);

429 ACT..ATRII(S)E. .AND. TW MLTATR138,RTM
43# AC7155,tATRID(5).EUSI .AND. TNOCE.ATRIB).z;
431 ACT99ATRID(S) .. TKI3;
432 ACTttII(55).EQ.l .OR. NNQ(14).EQ.#vLDllt
433 ACT;
434 Mtos~t
435 ACT W S v F 1).FU
434 LDll =91~;
437 AMTUSERF(17
438 FLIL FREUIiSAN131i.U

44? fCTmS13;4
443 c on;

445 I AAT(MISARI().311 .T~.LTIs
44t ACT..TR3().O4 ,Ti3

443 IZ

449 ComilU
45# ACTtUVII)vFLW
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45? ACTtUSERF (17)*#
453 FLIZ FREEL1?SAN1311;
454 AcTtt#FS13;
455 C
456 FS13 FfEEtSA131ill
457 TERMINATE;
458 ES13 GOON~ti
459 ACT/43#ATRIB (8) -TUOM;
466 EVENTt14oll
46t ACTvv#ZZ;
44? 7014 COON,?;
443 ACTiATRID(6) ,,TS14;
444 AC~ttiES14;
465 TS14 AVAITU1SAN14/11
41A EYENTt3td;
447 ASSICNtATRIB(6):USERF(16) ,i;
448 ACTvtATRI8(M .EQ.l3rLl3i
449 ACTt ,ATRIB(O).E2. 14PL14;
471 ACTu ,ATRIl(4) .EO. 15iLI5v
471 ACT ,,ATRI24) .EB.14tLl4
47? ACTS ,ATRIl(4) .EB. 17tL17;
473 ACTpvArRIl(4) .EQlSL18
474 L13 AMAIT(Z4isLI3SAN14I1t1;
475 ACTiUSR(4);
474 GOONI?;
477 ACTvvATRI%(5).EQ.1 .AND. TINM.LT.ATRIl(8)IRTN5;
478 ACTIST, RhIV(5) .EB.1 .AND. TUN.CE.ATRIl(8h ZZ;
479 ACTttATRIV(5) .EQ.dvTKI4;
40# ACT.,1X(57).EB.f DRa. O(5).EO.ILD13;
481 ACT;
48? COOiwH
483 ACTtU$WRFI8h.tFL13t
484 RTN5 COON,;
485 ACTIS*.tTSIO
484 ACTmES14;
487 TK14 COCTIKTK09ENES KILLED TS14titill
418 ACT/Sti tATRIl(1) .EQ.AtlKr4;
409 ACT/U, wATRIlII) .E9.ZtCK!4;
490 lKT4 ctCTvDET1EENIOMgER KILLED Ts14mill1

4%? 0(4 CO tlCTEtWEEM~C1 KILLED TS14titiI;
493 TPNIVATEI
494 LOIS cMt.H

415 ACTtUSER(17H;
494 FL13 FREEPL13$8N14/1.;
417 KCTioF814;

499 L14 AIT(?514SAI4IIil
so ACTtUSER(4)1
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51? ACI,,vATRIB(5).EQ.9 SAND. TMOLLT.ATRII~S)RUS;
5#3 ACTititATRID(5)E. SAND. TKOi.CLATRIB(8)ZZI
5#4 ACTtiATRIU(5) .L1TKI4;
m9 ACTP1UI8).E9 OR. NNA(M5.EQ.IPLD14;

* 5we ACTQ$RFI1hiFL14;
5#9 LB14 CI,;
Sif AMTU$ERF17);
511 FL14 FREEtLl4$AI4111;

*512 ACTtriFS14;
513 C
514 L15 AVAtT U1 tL15SAI /1;I
515 ACT ,USERF(4);

517 ACTtATRI(5I.EQ.# SAND. TNOVL.ATRID(ShRTMS
Ste ACTI6ZiATRI3(5)E. SAND. TNOu.GEATRIB(S)hZz
519 ACT~iATRISL5).EQ.1iTK14!
529 ACTPPIU(39).EQ.# DOR. NOU(15.ELBiLDIS!
521 ACT;
5?.? COONU;
5Z3 ACTvUSWR(18vFL15;
5Z4 LD15 GOON,1
525 ACTtUSMR(171;
SU6 FL15 FREErL15AN1411;
527 ACTm~FS14;

Irv L16 ANA11?7L16SAK1411;

531 GOOi?1
53K ACTvATR3(5).L .AND. TNOU.LT.ATRIII8,RTUS
533 ACT/63riATR1I(E.. SAND. TUOU.CE.ATUIB($)#Zfl
534 ACTAT8115).EQLIMT14;
m3 ACT9MK(U). O R . Mm(l5).EG.#vLD14;
53u AMT
537 MONd;
538 ACTMUERF(18hFL16;
5"9 LDI4 COONP 1

541 FLU FRkEEiSANI4I19w
54Z ACTmFS141
543ci544 L17 AMIT (221 LI7SAN4lItH
$15 ACrtUSEW(4);
54 cor,;
547 ACTivATRDLS)EOM SAND. TNOLLT.ATRIMS8hRhS;
548 ACT/4,ATRII(5)E. SAID. TNDR.GEATRII(8),lf
549 ACT, ,ATh13() .I. I T41
5SO AMrMt61.E4.1 DR. in(15).EQ.#9LIITl
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551 ACT;

553 ACTtU ISER 1) ,Ft17;
554 L017 COON.;
m5 RCT.USERF(17)1

556 FL.17 FREEL17SAN1411.1;
557 ACTm~FS14;

559 L18 NIAIT(M9;L18saM1411ti;
565 AcTPURF4;
541 COOU.?

* 56? ACTiiATRIl(3).EO9 .AND. TNOM.LT.ATRIDIB)tRN
563 ACTIM i #ATRID (5) EQJ6 AND. TKOu.CE.ATRIUlShz;
5w ACTvtATRh5).EQAhTK14;
565 ACTtt.U{62).EG.f .OR. NNO(M5.E0.5LD18;
566 ACT;
567 cOOutil
568 AcT4WusER F LISFu;
569 1018 GOONi 1;
571 ACTtUSER(171U
571 FL18 FREEtLISMrnI/1.1;
57? ACTm.F814;
573 C
574 F314 FREEPSAN1$/ir.1

57 TERMKNATUt
576 ES14 GOOUH
57? AC/44PATRIIIS)-TNoU;
578 £EMTif5.ll
579 ACrtlizz;
585 C

58? C
m8 TU3 =41W.
584 ACTATRID(6) ',S?31
m6 ACT#,.1001
584 1823 MIAIT1161tSAW/It1,1

30 ASSIMUATRIM zUSR(16) It
589 ACT vATRI(P).EU. 19tL19I
595 AMt.ATRIIL6) .B.?.LZ
"I1 ACT WARIDW.Eg) .0.2.2I
51t L19 AVAIIT(31.UL9SARZ3II,11
53 ACMdSMR(4);

594 COW2f
595 ACT.ATRI().EB.1IR1. T1U.LT.AT31118),TUI
594 KCT144,ATRIP(SLELS SAN. TOMMCATII1Z2
597 ACT. ATh111) .UM1TK?
598 AC~ti.(MA)M. M0. MUMhE. L019;
599 ACTI
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63? RT6 CONiZ
m3 ACrI67i v TSM3

6#4 ACTiviESZ3
MIS TK23 COLCTDETUEEN.PENS KILLED TS23itipi;

697 TERNIMNTE;

6p9 ACTUSERRIM7
f610 FL9 REEPL19SAN?3l11

611 ACT i iFSZ31

613 L21 MIAII 311 LZ#SAZ3/I t 1
614 ACTUSERF{4I

614 ACTATRISMA.1, .AND. ThW.LTATR138MATM;
417 ACTI69itATRISMA.E1 .AND. TNOM.E.ATRID(8)wfl
610 AMr.ATRII(5) .EB l 3
619 ACTil(M4hELI .OR. NNUU6h.E.5#LD0;
6to ACTV

421 COOtH
fin ACT ,UMEF(I8)tt ,FU'
623 LIZ# OMItH
614 AM MUSU 1*1
625 PUS FREUMMANi'i
W2 ACTvtFS23;
627 c
623 11 AMIT(3?hZItISAN23/I I

629 ACMUM M(4;
433 COMAI

631 ACTATRIMAE0. SAD. RTN~ATRI1RhRTU4
at? ACT/71tiATRI3M 1Q .ANS. ThO.GE.ATIB(O)tZZ#
63 ACtiATRIR(5 I.L KZ3
W3 ACTtiU631.EQlU AR. PU VAG1.E.3LDZl;
6a3CT
43u COCtH
437 ACTUSER(hFUII
in6 UZI MIIII
439 ACT91USEF(1
a# P121 FREU1SIIZ31ilt
441 AC~tiFS231
642 C
443 FMZ FREEPSAHZiH
444 TEIITE;
445 EM? Millt
644 ACTAS5ARIIOMMUO
647 EWW1d4,U
"I ACTnIZZI
409 C
6w c
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63Z TCZZ GOOuNz;
653 ACTsATRtlS(6) teT

-M__ 5 TS21 AVAIT(MiSAN22II1il

457 ASSIGUATIUMM( UhijslL

459 ~ACTt vATR1U(MA.LZ3Lz3

- . 41 LU? ANAI(33 tuZsAWJ I t I
"t? ACT~uF (4W);
443 cON,?;
444 ACTMATR11(5.EQ. .AD. TuNu.LT.ATRIB(S) AMN;
4U5 ACTI7I,ATRIS(5.E2.1 .AD. TNOU.GE.ATRIB(S)tzz;

447 ACTtt1(M8.E0.I .0. N1G(17).EQ.IvLDZS
443 ACH

476 ACTMUEW(IO) 1JL2;
471 R13 COON.?
M7 ACTI71#ivTSWZ
473 ACT v ESZZ
474 132? CCr4ETUEEII#PENS KILLED TS2?.~,tv

474 TERMINATE;
477 LU? M U~i
478 AMTUMUM(7)
479 FL21 FUEEtL2SANWZIttl

433 ACTttFSW

6a? L?2 AVAIT (341 tL3AW It1
433 ACTPUER(4);

43 ACTM ATh11(5).L AM. TOUTATRII(8iT17i
W14 ACT174, .41313(5)0 AND. TNOUGARI3(8 Zi;
407 ACTit.4111(5).EB.14TKZ
433 ACTi..119.1. A0. NN(1).EQlS'L123

491 ACTAUW(13) , FLZS
491 LOU3 GOSU.

494 FM FREELU3 M l1
495 AM t MlSZ

497 U4 WAIT (U3),U4IMWLIt.I
496 ATLUW(4H1

733 ACNTAfU U(5.L WI. luT AThINIAM.~7
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711 ACTJ73p#ATh13(5l.EQ.1 MD~. TWOV.GE.ATRl~i6)tZZl
7M ACTI iATRI3S ).E4.bT Mz;
713 ACTitU(M9.E2.I .OR. NNMB7).EQ.1,LD?4;
764 ACT;
795 MONY 1;
714 AC WSER (1) t 414;
707 LOUl GOit;
708 ACToUS W(IM)
719 F114 FREEPLzUSAW/il~;
711 ACTm~FS2±
711 c
712 FS2 FRUSM??Ihl
713 TERNINATV
714 ES? Mouil;
711 ACT/44tATRll(s)-TNOU;
714 E5IEK17oiU

*717 ciiz
713 C
71? C
729 ZZ EVENTP~id;
M2 ACTISS. ,ATRID(1).EUPZTZZZ
?a ACTI~ht iW 19.9hER. vTZZZ i
M2 KCIM WRAII (111 .EQ. 49TZI
7M ACT/0iIS, 119112.79 iTBld~i
725 ACTIS49 vAThI3(191 .E2.AtTMfl
724 TZ?? TERHINATE;

72V SINR.AI
7m9 SU1IAWT
731 SIULUTE;
73Z 1RUE

73 SIIPR.ATE;
734 SIULTEI
73 SUALATE)

738 SISATE;

741 SUWSAE;
*742 SI3LAID

74 SUOLAIV
744 SUWIAIV
M4 5131411
744 51314111
747 St3Lh1
70 sAtp 11
749 s1514111
70l UflUI(4)23.,I1(j4)'4.
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755 SIYUTE

734 SIlIJITE;
735 sIMLTE;

M SIMUTE;
758 SJLATE;

743 SINULATE;

745 SINUATE!
744 sUMnATE;
745 SINUTE;

749 SINJUTE;
771 SILTE;

7? IIIfc.11s. 11(14)25.;
m sumuiE;
775 STUhiTE;
774 SIIJL*TV
m7 SIMAIET
771 SIMJLTEI

7*3 311 WTE)
711 SOUR*11
7M SMUAI
783 IMUToU (4) 23. il 141z4.;
714 3IUIT
73 SIIULATV;

701 SIRATI
719 II WATE;
79t S133.IE

79 SUNA*I
794 IIITLCK3)4.U(11114.,1(41..I1(14)'3.I

79 SWIAIVE
7W I1133*111
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SINLTEt
set SItATE;

804 SIMLUrE;

80 SIVAATVt
897 SIMATE;

on1 SIMJLATEI

813 SIMLATE;
a1l SIHIAATEI
11l SIOUTEI

817 IUE
818 SIYAUTE;
115 SIYWATEI

813 SIVALATE;

321 SIIULATEI
819 SIMR.ATE;

0 SIUTE;

32 SINLATE;
124 SDh3TEI
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APPENDIX C

FORTRAN COMPUTER MODEL
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I PROCRAN NA1NINPUTOUTPUTTAPE-s1NPUhiTAPE4:OUTP.T,TAPE7)
z D~IMSION NSET(ZM)
3 COHI9OISCONIIATRIB(1I) ,BDUSBl) DDL(1Il) ,DTNO~I.1IIFA.
4 NSOiL~KOiPN~NR~NS~NA~
5 SSCIN)SI U ) iTNEXT#TNOUItllO)
6 camONNO/UN/RfS(:t4,:6) IPDCIN(6) OPOCOUT(6)

9 EBUIVA.EOcE (NSETIhOE(D)
II OPEN(&9FILEs'TAPEAY')

12 N=25S
13 24
14 ITAPE:?
15 CALL SLAN
16 STOP
LU END
is SUBOITI 1NT..
19 COMflOSCONIATRI(1H) .DD(1Kt ,L(U)DhMiIltFAt

21 SS(1Ktl iSSLIL) JT1EXMflIUN1)
2? COugS/cornRcsw14tl:4) 9PK1N(61 PIOU(4
23 COGuONL zlzS0 MUM t)Z3(4)tZ4(6#)
24 BATA(RCS(1J) WsW l&).141)

27 Ml,.5. M..7iIP'N
2t 214. iL.4t..4.4.N~v.94t
29 IIt lZ.Z .1,95.015Jmt

31 235..3.St.35t 1.1v. AW

33 5N. t5l, 5.914.31.t.Jtt
34 2M 2949. ts 23. tzZ.5,Z5f

33 5N l 4. M.3,.I.3#.l.6
36 N. 3 5L1. i.3.t.13t.013#

391 .1,LI.6.1
49 VAlA PICII.9,.l37,.K8i.575.494tJ98i
41 liiPT .Z 7454,.1A* ~ 95
Q? lIAA Z19.U.Z3vZ4/2.t./
4 C
44 C ME MLUIS 1S A WOCMPM UST OF THE U.03 VdlM
45 C T K fFR ALUM. TNESEST KWUM FOR ie
44 C USIT1Yil IMistsS.
47 c
0 C It(V'WN =I=IOS U NT E NO1WI SAM -
49 C TIS 1S A FI NI PW HE SAN SITE MENIT MU
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31 C
l2 C THE FOLLOWING VARIABLES ARE THE INITIAL CONDITIONS
33 C FOR THiE LAUNHES. THEY ARE FULL WITH 4 AISSILES APIECE
34 C AND A 3:1 RATIO FOR MISSILES IN READY STORACE
55 C II(17)zNSSILES IN READY STORACE MSAN 01

54 I1(171434.
57 C 1(18) sN1SS1LES IN READY STORACE MSAN 9Z
38 1(181 34.
59 C 11(49) MSSILES IN READY STORACE TSAR #12
60 It(49) 234.
41 C II(MaNISSILES " ~" #13
&Z l1(71) --U.
43 C 11(71)RNISSILES " " " #14
0 It 1(71) zU.
45 C 11 (7) *ISSILES " #2

44 11 (72) x34.

47 C U1(73)NISSILES 8 u #Z

48 U (73)'34.
49 C 11 (11).AUAcH I NSI.S AVAILABLE OF ISAR #I

71 11(19124,
71 C U(2JI)LMNMER U U 4

74 Ul(Z1)'4.
75 C t U) LJNCER 4 aSL A uIAL OF SaII
74 It(221) 4.
is C 11 QV3LMCME5 4 UL VIAL FMK#
71 11 (231 4.

79 c u (24) LAII1ER 4 a U u x

v 11(24)24.
It C 11(31LNOER 7 " T SARNI?
82 1(31)%4.
83 C 1 Mb)LNMCMI 8 a a U a

64 11021?4,
05 C II(53)IAAIN I 9 U a a

84 11(53)4.
37 C IU304ALMO It 0 u m TSN 3
w 11(54)4.

91 C 111W4LM ItI
92 11(51)4.

11C 1I(5nw)LMCI13 a TSM 4
94 11(3"1'4.

U C I1I5)MWNIBI U 14
% 1I5314.

97 C M "A59'M IKOs a
94 11(59)14.

IN 11014.
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1.II1 C IX(61)=LAUNCtIER 17 " "

114 1 (d) -4.
1#5 C II(3)-:LAUNCE 19 " TA Z3

IF5 C 11(3)s..N)E ZI " TSA m3too 11(431:4.117 C U(44l):L~tiNCRl! iI" " "

1IV C l1(65)LANClER2 I " a "
119 I(6I11=4.
III C 1(466)sLAUWZHR 22 U ' m TSAM ZZ
Liz 116") --4.
113 C 11(67)LAUNHRM 23 " "
114 11(7)4.
115 C ll(68)z:LMCE RZ4 "
114 11(68)z4,
117 C
118 C
III C THE FOLLOWING VARIABLE IS THE VALUE ADDED PROIBAILITT
123 C OF DMGE - ONE OF THE AOE'S OF THE MODEL. INITIAL
l C SET TO ZERO, IT ACCUMULATES WALUE AS TITS ARE STRUCK

12 C
14 C 1I(26)zINITIAL MUMR OF CI AND EM SITES AVAILAUILE THIS
125 C VARIAILE IS DECREASED AS ZONE I TARGETS ARE DESTROYE
126 1Mla25.
127 C

1ts C THE FOLLOWING VARIABLES ARE TiE REPESENTATIVE DISTANCES
12 C TIE P ETUATQRS F. TO THEIR RESPECTIVE ZONES
131 C II(2)zIOMER DISTANCE TO FLY TO ZONE Z SRA
131 II=2712l"
132 C It23I) IlQJE DISTANCE TO FLY TO ZONE 3 SRAM
133 It(28)lSM .
134 C ll(ZI)4AR DISTANCE TO FLY TO ZOIIE 4 GRAVITY

134 C 11 (31)ALCN DISTANCE TO PLY TO ZONE Z
137 II(391l14,.
138C U31'i .CNU 3
139 i3)N
14 C II(3b)MLCN " " 4
141 II(3Z)u21.
I1 C
143 C TIE FOUI G ID TMIALES I tERIVE3 FlU DtA CREIt OO
144 C M I1 TARGETS
145 C iI(41Z'TAiT S M MTO PAMII A 1 ON TCT
144 C FOR A " OF TE MATON CJS
147 11(42)s4.
14 C 114SWTHMT PSI MP M TO PROM A P ON TGT
149 C FOR A 9 F T1E ZIT CLA

140



15Z C

153 C 11(44)SAX PK DECISION RULE. IF THE SIN OR J/S RATIO
154 C AND RANCE CONBINATIONS YIELD AN ESTIMATE OF CEP
155 C lIC VILL GIVE THE SITE A SINGLE SHOT PK GREATER THAN
154 C 11441 THEN THE SITE WIL COIENCE FIRtN.
157 11(44):.t
13 C
159RU
160 END
161 C
16Z C
163 FUNCTION USERF(IFN)
164 COIONOINll/ATR~l3lf), D( 1U|01. IDD ( 10) ,DTNOM, Z fFA,
164163 N TOP v NK:INm, NR iNPRC ,NNIUN NNSE, i APE,

164 SSC (1il SSL .L) ,TNEITTNOI{(Iff)
167 COPJIONiUCTiNIRCS(B:141t:6) ,PUCIN(6) ,PfCOUT (6)
1tS C
149 C -

171 GOTO (hZi3,4,5,6,7,8,ii It,1t, l3, 1 4,3#615t ,17,181 ,IFN
171 C
17 C
173 C USERFMI) DETERIMES POINT OF DETECTION 3Y ISAR EI. 17 T10
174 C DEMEIIINES THE TIME TO FLY TO ENVELOP ENCOUNTER AND THE
17 C TIM TO EITTING TE SA COVERAGE.
174 C
177 C CNITE TINE OUT OFCOVERAE
174 1 ATRIUW=0.I lATRII(M140 +7TVA
179 C CONPUTE DETECTION RANGE
19 I=1441 |, 9 l.,l)181 StNG (544f!96.*11' H.Z57732

toz MFATRII() .GE. 4t9.)TME
183 531531G + 13.4
184 ENDIF
185 C 0O NOT ALLOV SK TO KF GREATER THU RAI ElCOIJTER RANGE
184 S84IN(StG?.)
137 C
ie C COMTE OFFSET DISANC FRON SA
1M C OFFSET LINIT IS USED A SIT DENSITY ASSMJTION
196 IU4IR(9.9 1 (f)m1)

1%1 C DETUINE IF PEETMTOR COlU NOT iE DTECTED
tt C ISMKAI UK (ZO OF N FILRE IS
13 IFI I.E. 1316 .Oi. SIN ..E. 5.)THEB
194 C SET ATRII(S) TO EM COMTION
19! A711(E)S4.

199 47111() St.

141
~ai



292 ATRIU (7)lYRKU
293 C COWIJT TINE TO SITE ENCOUTER
2to AMK1)(Z.-IU)*61.IATRID(Z)

296 REMUR
29 C
296 C

219 C INEF(t) COWUTS MSA RELOAD TINE$ BASE ON HISSILES
211 C TO KLOADED
212 C l1(K) STOCKILE OF READY WISSILES EITHER ISAM 1,2
Z13 C 12(J) LANCHER MISSILES REMAINING ON LAUNCHER
214 Z ATRIDMlP4
215 K'ATRII) + 16

* Z16 JsATRIBW6 + 18
217 C PERFORN CIECX ON STOCKILE AND SET TIE TO RELOAD TO
t1e C A WERESENTATIVELI LONS TIME
219 IFIMK .LE. 0.11)TN
229uffSif
221 REMUR
22 ENDIF
223 C
224 C UTENIENUER OF ISSILES TOE LNGD
w2 LOAD4-U1(j)
224 IMMII) . LOAD)TIEN
227 LODU (K)
225 BaDir
22" U(K)slU(X) - LOAD
231 I1(J)zlI(i) + LOAD
231 C SET TINE TO RELOAD AS A FWCTION OF NISSILES TO BE LOADED
23 JSEF*1. + LOAU
233 REMT
234 C

Z35 C
Z322 C MWER 3 DETERINES CRUISE NISSILE TCT ZONE ASSICEENTS
t37 C TNE FIRST 10% OF THE CR FR IS TAIMETID INZONE ONE
226 C fliER THAT TiE CR'S ARE CYCLICALLY ASSIGNED TO =01 2,3.4
229 C 'MIS Dill IS USED FOR CMRIDO M1 PENS AS P IS USED
2to C FOR COHIUO 01
241. 3 V(UCIIT(4I .LE. U(71)TlE
242 USEWS1.

Me E
244 USlr4(NNCNT (4) ,3)+l.
245 9mW
244 RETMR
247 C
to6 C UMM4 1S A NINI-SKIWATION OF TNE MN ENNUIITE
t C liE CE01ET STARTS; AT A thWM OF MM1 OR LESS

226 C UDENG ON DETETION RANK. TIE SITE COIUCES FIRING
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51C WO THE PM$IS AT LEAST EQUALTO 11(44)

253 4 M*T(7J3(3)
254 SRaTI47
255
256 C CONPUT LAUINE GLOBAL. VARIABLE INDEX NO.
257 IF (ATRIMMM3 ~r.) TEN
258 JxATRhBt61444.
259 ELSE

261 ENDIF
M6 C K IS TEUM3 OF NISSILES ON IAUNCIEJ
263 K:Ut4j)
264 IF(ATRIIII) .El. 2fl10
265 FACTOR:IE-21

* 26 RLx7l.1
26 ELSE
2no FACTR5.9118723-6
269 X21u35.
273 ENDIF
271 NaATRID(3
27 SRUGTRIVt1)
27 TIMEu.Z5
V74 IF IME.~E. AIRISM8))THEN
Z15 ATIB(5121.
M7 COTO 60

279 c START POSITIO

211 IUGO' (ATRIN (8) -TNOW 4ATRII W2)160.

233C POINT OF FIRST NISSILE MIE
234 C

23 IUGIUGO= - (TIUIATRIMM-)1J

AT4M 1

Z% D 6 8106 tt8
V71 ElvfM!? Ml7 I05

inWt.

3H CARS .Z)~

294 C0 P3 1143



3#1 C PEN IS AN ALCH AND THE INYiERSE S11 RATIO IS COWPUTE
36.2 RATlOxFACTORI ISRNCu1SSZ)+44.SINAT
363 ELSE
364 C PEN IS A BONOE AND THE J/S RATIO IS COI?1ITED
31 RATIOsFACTORCUMNGI85Z 4tSIGNAT
304 ENDIF
31 CEPSeWr Z.42E-84RATIO(SAM'4P4)H +' 1?9.'RATIO.6Z4.1
368 IF(CEP.CEL0U)TME

310 ELSEIF (EP.L9.) TEN
311 PISSI.1
31Z ELSE
313 RLUCEP) 2t.
314 PKSSaI - ."
315 ENDIF

* 314 XFCPSS .L UCIA))lER
317 cmTOW
318 ELSE
319 KRIRN-1.
3Up SRNPSST(IRUGt. + ATRII(7)**?)
321 IFLINI w.E. 1. OR. SNG .LE. 5.)TVO
322 ATR13 (5)4*
3V3 ATRl3CS12ATRh(SI-1.
3V4 TIIExflRNC-INN/ATRII(2)'4.

328 31 CONTINUIE
329
330 C FIRING momIC
331 C FIR UNITIL PEIENTRATOR IS KILLEDLEAVES COVERACE OR
33t C K RISSILES K FM
333 a4 go I *ILK
334 IFIATRII(7) .1E. JDHEN

333 UU~a=3.*SUIC/(AThIIWl * 26.

*w 3KM".148j

3V? t&INNUAMMUJATRIrn)

341 VU~ATI7'TANWIUA-KAl

343 IIIJI'UIJ-1.
344 TItaIUUG-KUG1IAT1h1341).
345 SUg4St(iltG't. + ATlvmfl49.)
344 90'(I.FIA-TA)E57.3
34? tIaZ'( - WYNA - ETA)5.W)10 .5
346 SlCNAT40H(Alto1
349 wtAmil(t) .0. W)o5
351 C M It 0 AC W 111E IN5 SIN NTIS IS COIITED

144



3 RATIO:FACTOR. (SRNCIISSZ) '44. /StGMAT
352 ELSE
353 C PEN IS A SOR AND THE JIS RATIO IS COMPUT0
354 RATIOaFACTOR.(SRNG1S52) 4Z. /SIGNAT

335 EIDIF

3PI8uPKSS*.8
359 EIFCCE .LT . #.)ThE

364 ENDIF

374 DLRATRI 5) 1 1

374 TOaE 6# 5

371 INFCNGLL3O.SNG.LShE

374 DEURI(8)ATRI() 1.

373 COtwafmEU
334 TIETIE 15

379 ATRI()a

381 cC6

3839 CONTINUE
4 TIS ETEA E NISVUJ.N~E I'

365 ARID ()145

W c*



411 C TIRE OF SRAN LAUNCH #2
41Z 6 U+F(UIATRIW)o9. TUO
403 RETURN
414 C
415 C
44 C JSE F(71 ...
411 C THIS USERF ETERNINES AN INDIVIUAL NAG PENI'S
410 C TIRE OF PENETRATING ZONE 4'S TERNINAL DEFENSE
4" C O IF THE PEN IS AN ALCN IT SETS THE TIME OF
411 C PENETRATION OF THE ZONE IN NIiCH THE LCH IS TARGETED.
411 7 IF(ATRI8II) .EQ. I)THEN
412 C --iIE-EN IS A BONDER
413 USERFs Il (Z91/ IATRIB ) 60. 4 TIOM
414 C ELSE TE PEN IS AN A.CRANO
413 ELSEIF(ATRID(II) .EO. Z.)THEN
414 C HIS ZONE ASSINtENT IS ZONE Z
417 U,5RF-sII3IM IATRI6(2) . + TO,
418 ELSEIF(ATRID(II) ,EQ. 3.)M E
419 C ZONE ASSICNIENT IS ZONE 3
421 USIERFz((31)/ATRIB(Z))46. + TNO
421 ELSE
422 C ZONE ASSICINENT IS ZONE 4
43 USERF: ll (32,) IATRt(2)) #60. + TNOV
424 EDIlF

424 C el

47 C USEF 8
422 C THIS USEF TERHINES THE TINE TO EIUCCI DETECTION
42t C COOKIE CMTTIR RADIUS OF THE SITESI1145)
430 C THE NEW. 11W IS USED AS THE EAN OF THE EXPONENTIAL TIME
431 C TNEEK ENCOIMERS.
432 C
433 8 11U J4NU.4l (IX (U).*ll(45 1 'ATRIld())
434 C THE TIRE TO ENCOUNTER IS*
435 TTEEIPON(II3) + .33
434 IMEuTE
437
420 C

439 C
440 C
441 C USEW I D11NlE CUISE NISStLE MCT ZONE ASSINI TIS
442 C IE FIRMT M OF TiE CIF IIS TA E IN ZOE ONE
443 C HWT THAT THE CN't K CTCLICLLT ASSIGNED TO ZM Z3.4
444 t IF(UITIZ) ..E. U(4))710
445 USEut.
446 muE
447 owsmntj 342.t
441 EATM
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451 C Law to
452 C THIS FUNCTION RETURN USERV AS THE TIME TIE FIGHTER IS
453 C IS TIED Wt, SETS ATRIM()v AND ATRIUM6 IS# OF NISSII.ES
454 C RENAIMING ON THE FIGHTER.
-4w -

454 C CEMEATE FTR ARRIVAL TIRE
457
458 C ASSURE UNIFON ARRIVALS FRON U4 TI 406 SECS
459 It FAM aNIU3334.47,4) + ThOV
469 IF(FARVY.GE.ATRIB(141 + tI)TNEN
441 AT113 (5) so.
44Z llSEf2ATRIl(14)-ThOI
443 RT
444 ENDIF
445 NzAThISM3
444 IF(FARRVLEATRIBUM M)hE
447 IF (AThID (D).EL.)flEN
44A flK2,T'flINm)
449 ELSE
411 flC~pz j)
471 ENIF
47? ELSE
473 MFATRIII).U.dflE
474 PK2m.T.PUDIJ (NJ
475 &LSE
476 PK2FM oU(N)
477 DOWF
478 ENIF
479
4H6 C CUWMT KIU~ KILL
481 IIU *w~5
48 IFIIA.PC)IE
483 A11(512#
464 QwsFARR-T=V
405 E1n
466 ELSE
487 C SUE SOT PKISSUIID .8 AlA T OMT
446 c YOLLIIUDA *WSOF9
469Ma.
415 MILARIU(16)
49t " " jSII
M1 AR20(aARINW-).
493 c ULL W sICE
494 1uS W. it. 141

415 IFU.L[.FKI) liE
694 ARThIlaI.

497 UWGFfTMU
4" w
499SU
30 C
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III C SECN SHOT
Set FARRYzFARRV + A2
5398 CONTINUE
114 ENDIF
SIPS USERF-?FARRv-TNOU
544 RETURN

587
SM C
So9 C USERF It
Sig C TIS FUNCTION COMMiTE THE FTR TURN ARUND TIRE-

511 C BASED ON A UNIFORPL! DISTRIBUTED FLYING TIME TO RT8

512 C AND A CONTSTANT TURN TIRE OF 40 KINiTES. NO DECROflTION.
514 11 UECUF~7:7,)*U
515 I USRETUNM7t.l+H
513 REUR
3 17 C
318 C
Its C SR(Z TENNSTELINIRTTTIPETRTRS
sit C ENGAG E I INSTE11. HTTEPEERTRI
w2 C, IFG1 M.RUO 1 I

5311 12 if(ATRI(15)E$I T.,

SM3 Ls1

5U4 C IF CORRIVOR It TIEN:
52.7 IF(ATRIBII()5)TEN

5229

531 P414f

33 UO7I ma,
534 IFIIMS + )G.A.IJECZI.EITE

w3 UENF'

3 76 CONTINVE

541 C
54 CUUERF 13

542 C ICIWIU T0 74VICK FTR G TIE PE VILL BE USM. TNOSE
544 C FTRS UI HOVE ONLY ONE ISSUL INING M E N TO K

145 C MTEN U FUL iS MXE nRIMrr WI l IM A FUL
144 C NEF S COELBO.
147 13 IM(SSC 1G. MM11

50 UhluI.

148



551 ENDIF

554 C

554 C THItS USERF REUMI THE BEAT TIME TO RI) AND RELOAD
557 C FOR AFT OTOFNSLS. ALSOEWOES ATRI tOF PEN

55814 ATIitLIl'.
559 IJSERFUNFMt7.t17.tT) + 49.

5U3 C USEF15
5U4 C RETURN TIE FUNTION AS TIME DELAY BEFORE A FTR CAN
5U5 C KC REASSICIED TO ANWflE PD. ZEROS ATRIB 11
U44 15 ATRI (1) 2.

* U7 J5ma1.

59C
570 C iSWRF14
571 C LAMBE ASSIMMENS

574 14 IFATR1)M.E4.A. .OR. ATRIIIII)EB.ITME
57 C ST INDICIES
574 Lal3
577 3*18

57" ELSIF(ARIMMl . MI. ATR3II).B.Z.)THER

53? Amnhl,) 349
30 LSEMFATRtlMl5.E.1 Wil. ARIDAI)LM3)ME
34 L'19

594 AIRO(19)s7Z
* ~37 ELSEWATI3C11.EI.Z .40. AuthII11)EL3TIE

"t Lant
539 IRM
596 M1311)27?

594 149



401 IJSERFaI
492 ENDIF
40 4H CONTINUE
6#4 RETURN

mo C
4m.C
4.7 C USI 7
MR6 C CWJIE TE3UINPJ SAN RELOAD TINES AND TERNINIAL
4.t C NISSILE STOCKPILE STATUS
&1f 17 ATRII(10)I4.
411 JBATII(41+44.
411 KPILEsATRII(19)
413 C FEWO CHECK ON STOCKPILE AND SET TINE TO A
414 C WIPESIATIVELY LOG TIME IF STOCK IS OUT
415 IFICKIPILE) .LE. 1.)TIE
414 iSERFsIff.
417 RETURN
416 ENUIF
419. C
in9 C lEERINE MMNE OF NSLS TO LOAD
4a1 LOWD4-11 W
a2? IFI(1PILE) .LE.LOAD)TWO

424 ENDIF
W ~UUIIWs'UWPTWE-LOM

C

£ 4? C US1S *#
Ct REI WA I ilK NBGVT

4a3 ElND

4W C

46s C

a c VV150



647 C TIE FLOUINC ARE THE EVENT SUOUTINES IN THE MODEL

649 SUINOUINE EVJENT (I
W5 CONN/SCONhIATRIBUH1) vl1HIOOri1) vTOH.IIiFAv

651 KSTOPiNCUNRDR.~ vNR UNtNNSETv*TAPEi
63t SSUIiSSLLIN) TNE1TtTNOII,1I(10)
653 CONKONICOZIZf 2) iZZ(61) PZ3(46) i24(46)
654 CT0(1Z34567t8.9.1# Ila~i bIM41&516917) t1

6u4 C SUIRWUINE ONE INITIALIZES 11(61 WUICH IS THE # OF CR'S
W5 C TARGETED IN THE FIRST ZOE AND IS A FLUTION OF THE f OF

658 C NNWE PENETRATORS ASSIO2E To CORIDOR #11U( 1)
659 C IN A SIXILAR FASHION 11(7) IS SET SASDON 011(M)
6"# C FOR CORRIDOR #Z

644 C

645C INITIALIZE THE COOIE CUTTER EV/CC! DETECTION RADIUSt 11(45)
444 C UMSE ON THE PENETRATOR'S; ALTITUDEtATRID(4)

647 IF(ATRIM() .I.E. ZSI)THEN
640 11(451X25,1

669 ELSEIF(TRII(4) .GE. 419.)THEN
671 I10512394I
471 ENVW
47Z C CALCULATE THE AVERAGE TIME IN COVERAGE FOR A GIVEN ENCOUTER
673 WM 0SE ONMENS M.TITUUE AN SPEE. IN THIS CMCLATION
674 C S INFEWOE IS ASSUME ETIE EACH PEN'S ALT AN SPEED
4Q5 V(U(3) .10. to.T1O
674 c CALAUTE TICt 11148)
677 U(40143.311346.
473 ELSEUIF 0I) .13. 5.)lEN
679 C CALCUTEnTC, 11(48)

660 II(0147.511(314L

665~~ C U EIE I CW=TE IUTE TNE YWI VARIALEII(Z FOR
6 C TOM 1 UC IN ZONE 1. IT AOE UCTENES KILLING KILL

667 C mOT isI IE Mot t mml 11(2).

wO t IFW1(1 .13 LIT43
6" C I* PUEIUIGSIA CUINISSILE NMHA CEP OF40'
691 C UW a W i606" btIU3 1 ut' *U.

19? '3601.47

6" C ODM TW 11U 15 SIINCE
4" 14U(.Wv41



497 ADISSQTl#z. + 1*44.)
691 C SCALE itO AND HISS DISTANCE TO lKT REFERENCE

6" M234ff6.IHf,4.333333
711 DIVaADISIM.HI.33333
711 C CORPJT ALMH AND BETAo THE PARAICTERS FOR THE
7? C LOGNORIIAL DAMAC FUNCTION
76 A"1OCZU 43))

15 ELSE
164 C THE PENERATOR IS A MMlE BONO IER TH A CRAVITY IIEAON

714 C IILx CA OAND RI$SStACEOi#H t REFERENCE

715 MNON01RP5
71142M #.BP5
717 C CONPUTE. HIS DANC EATEARhTSFOTE

718 c LOCUDUW.L DARACE FUNCTION
11 ALO(U(4Z))

723 32,3
721 EIDIF

72 IF(SN 17. 3#.)THN
M2 P§21.#

725 COTO M1
724 ENUIF

72 tF(AlS XT. Mtff)TEN
721 TT3. 1415/2
72 ELSE
731 I~sATM15flOMIS)

M1 P92JIIIEIVtW,301U1 -.Z9))
733 P.61'EI(3.3SI*(-.t13Q)
714 Ih.P9- (P9P) 'COB ~T.

b 725 71=S XT. MU)OT to

71 At43F( .354120H3-4.7133*V*41 .444V4k-U.I19)
M1 32sIt.2519290'4 - W.841003 + 56.291*0 - 185."Q9

719 3 4o4.0)
74 UsURAMOAtIH - 4.367huUS43 # .4117*.? - 149.39.6
741 + 21646)

74 naI.P

744 C CUIIT XlM. 1 Ir WLU
74 13 ? (GDBI * All

74
1 52



747 C CONSTANTS FOR NORMAL CMR FIT
741 Tz:1I .t3649*ZA)
749 112.31930153

731 34.781477937
m 343.1.8ZM5970

15 85st.33gZ744ZV

759 ELfEF

741 ENDIF

773 IF(L)AILN AL VP0.11W)

73 C GIFN AT. EI)T AENDUA I ECRTR

779 C IWTTUINAE. .3TESNST

73 ENtU

734 NE

77 4 c IIC

739 CU.LTTOB MUM I TH S3AMSITE
7,w 3 1TUSU

791 CALIVARA tARl
79 C NTEI

714 ElI
79 tC1MN
7% CUUES IS ORMN ETT RNF #MFL

m 4 18MI153



797 6 PR6,' 1J~6
7"8 RETURN
7,,C
88 C SUMIN E 7
Se1 7 PRINT* MIR 7'
8an NET=R

804 C SUBROUTINE 8
805 C THIS SUBROUTIVE DETERNINES THE ARMI OF TARCETS THE
814 C PEN ATTACKS BASED ON NHEI EXITTED THE AREA.
807 C
See C ITPEN 1SAN ALCH BYPASS THIS SECTION
an9 8 IF(ATRIIII) 12. M)OTO 151
Ste IF(ATRISM5.EB. *.)THEN
811 ATRII)4.
81t L24
813 1923
814 ELSEIF(UVd .GE. ATRIMMl))fl0
M1 ATRIEII1a3.
814 0'4
W1 1w4

81 ELSEF(TNOV CE. ATRIOtI))TEU
81t ATRII1a?.
82 L23

82 Lae

82! ENDIF
824 AThI(192L.1C+1.
82 IMI XC. #)TM1
82 C CMUTJE SMA YAPS
82 C UM CEP IS 8ON FT - CIRC"L PATTERN STEEP REETR ANGLE
03 CEPU.
881 1fu.D44

83 KY'Ci1.47
034 00 Z3 JahtL

AA.3(U(43))
1387 10.3
= c SM~E WoAS, NIS TISANC TOic ln 1i ECE
at IN0114MIW .333
14 11SAADSIIIJKf.33333
1 LANILst

Ift C CUUUT P1 W VW SAM U 31SSIUA9
$43 coroim
04 1ta1 LAIL#

154
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847 1PMN.GT.6) THEN
a48 NSK-6
849 ENDIF

851 LS

853 NsATRI(23) -J44
854 IFIL.GU49THEN

as4 ENDIF
857 11 IZ5) all (z51+PD'13 (N) 123.
858 Z3(N)zl3(N)- PD*Z3(N)
859 ENDIF
84# 2ff CONTINUE
841 ENDIF
842 IFUC .47. WHrEN
843 C M01 CEP IS 11ff FEET -ELLIPTICAL PATTERN
844 C IRE? sMEP

845 TIELD19f.

047 XREP"9ffd.47
848 WP45#.#1.47

871 t4MOR(.sDEPvt)

87 C CUPUTE KISS5 DISTANCE
87 ADISSMR(Di* 4 91)
874 C SCALE KtSS DSTANCE TO IKT REFERENCE

87 3u.3
87? LAIEL2Z

onC CONPTIE PI AND 'API SAEW ON DISiSNOIAt1
881 COTO 19f
o2 1ff LA3ELUS

P41111(24) -J41

854 IFM X6. 49)11(

005 Cm-



897 IREP--3A.t.47
89 DEP3:I8141.47
8a9 C EkATE THE KISS DISTANCE

90? ADISaSORTtI*1 + 11
993 C SCALE HOlt AND KISS DISTANCE TOlKT RFERENCE
904 SIwsBl3IELD4.3333

9#4 AzLO ( 1143))

999 C COMW~j~ D AND P1
0913 COTO 1#0#

911 1M3 LAlELl#
91Z J.J4TRII(11) + 29
913 N:ATRD(,jJ)
914 IMW 3T. 41TRE
915 120-0
914 El3KV
917 IF(,JJ . WTHfER
,no tI(tSI2KzCzSlf ZZ(l1I/Zlt.
919 WOMEutN) - MDUMU
m2 ELSIF(JJ Al. 23)110

m2 23(I):Z3(N) - PDOW3N)
w2 ELSE!F(JJ .EQ. 24)110

m2 Z4(Nl)214(N) - MUM4(N

w2 C SM I RETIII5 FORt TERINATE COUNTS
92S RET W
99

9m9 C SUONTIME?
"I1 C KENNMES INIKYTUI OINE TOT ASSIGMOT VIThIN EACH ZONE

937 C
m3 C
939 C SWSWTK W
99# C UCIURIE IDIXI AO TO ASSICIENTS VITRON
941 C MT A88108 ZONE

w4 19 I(AICI.UMM)T10

M4 ESIJFATRIMU(1).E.3)11
156



147

to8 ELSEIF(ATRIIDAGAE,)TIE
949 ~~A11131?4)'IUCT (94AOMCT (99)*3* (MOCT (9V6) .MII 951)

950 ENDIF
951 REIMR

153 C
954 C

9n4 C SURUTIVE It ILLIINATES THlE PeICTRATOR'S CORSPONDINC
957 C E11111 P111M W AVAl FILE It.
956 11 12ATh11U#)

W4 CALL UIO(WINAIiliATRII)
941 RETuRN
96Z C
963 C SUDROUIVE It ILLININATES THE PEIMRTOR'S CORRESPINCII
964 C ENTITY FROM SAN AT FILE #Z.

947 CALL RHOE(NRAPATRIS)
94A REMUR

971 C

m C StIOUINE 13 ELIKIUATES THE PENETRATOR'S COMESPII
91 C MITI1 FRUM TERM SM AVAIl FILE CORRIDOR "I TV
974 13 IATIRIVU9)

14 CALL IRfEMA( 3tATR3)

11 NIIFO I 11 IECRIOD1tI C IO TINE 14 ELINMTES THE PEEWTOR'S CORPNINGp

mI 14 IaAIEIIIO)

984 CALL WUM PHK,4ATRID)

m 95

mS C Ill U1IE 15
96 C ELINIUM 111 PVETRTORS CSOWISI NTITY11 FROM
996 C 1IM AIIFILE 15- Z14
991 15 141313(191

99" CALL UOV(E (,15.A113)

157



997C SUBROUTINE 16
"s c ELIKINATES THE PENCTRATOR'S CORRESPONDING ENTITY FROM
991 c TSAR AMAIT FILE-16 CORR1M9?ZONE 3

INS 16 I2AThRh11O
tut 3M:aNFIND(Wh14,19,S,11)
im9 CALL RROVEMMRN16&ATRIII
1U3 RETURN

J% C SUBROUTINE. 17
IN7 C ELIWINATES THE PERETRATOR'S CORRESPONDIN4 ENTITY
INS C FRO TSAN ANAIT FILE 17 - CORRIDOR#2v ZONE Z
IM? 17 IzATRIM(1)

tll CAU. RNOV(KANKilliATRIBI
1312 RETURN
1113 Em
1#14 C

1114 C
1017 C
1,18 C amPU SUIROWINE
119 SUDRIIINE oTPU
1M9co ~OIOUN OIATRI3(1f) AD(= NIL(13) UtDOU,1tWAP
1921 gISTP90LARARRMNlTNRNAmSrTAI'Ev
192n MINI ftSLQH1 T 1TTNOMv1I(1N)
19M 1I1"1O1 AVE(49)
1924 IF(NNEUN.G.1)IE
1Ion go 3wf 12111A

1927 31 CONTIVE

lot? EIIIIF
IONPRIMT

1039 USI'11O INT8
ton MINT431U
ton PRUSZ'1IF)OR W N ?51 U

is
It"8

ImI



1147

104 N3JXzNUI+NISZ

1949 SSBSNstssS
low8 IF(13.GT.0)TME
1151 PSIsaFLOAT MNISIS) IN

1053 PSM39M
1154 ENDIF
195 IN(ULCT.0)THE
1054 PgIUSaFLOAT (NNSBS) INN
1157 mgS
I05 PSN3S-"9?
109 ENRIF
NO4 PSISZROAT (MMI) INPENS
1041 NIAIIMUCN M&
194z WAP'i0=T14)
1943 NA120IIAI
1064 IF(MAl CT. 0)THE
196 RJVP (NW N(331 -NNWcIT2) FOAT (MI)

1047
1046 ENIF
1049 N3SAIaNA1-O I 34
1in# S~aIIAI-MU(51
1971 NSAx1SAl4NSAI
17Z IF(WCN(29).UC)I(T6) ST. 0)TID
1073 P§MFLOAT (MUT (I I (MM (19) INCNT 74))
1074 ELSE

1171 ISMUI.TlEN
197 P5MI1FLOAT MOAI la

1964 PS1CU SM~

19m EnvE

ImIW

Is"9S8.M9

W M141M NSADINA

1994 WE(1)AE1).U~fTlM
1095 91)uftZ ISSfU S
10% AU3S) '(31USUITMIJ
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189? A E(4)zAVE(4).OS2JRWB
1898 AVE 5) 'A VI(5)+NMISUI1UN
1it" AVE(4) sAYE 4) 4UUSflIJP
lIt AVEM) AVI(7)i4I3flIRfl
11#1 AYE(S) 'AVE(S)+KMCISTMXS
llft AYE (9) 2AVE(9).ESCS/TUS
11#3 AVE(lf)%AVE(1)NIS1ThIJ
11#4 AVE(1l)4E(IHORINS TRUNS
Ills AYEUV )AE (12).PSISITRIJNS
11#4 AVEM1) xAVE(M I2 SIRUS
11#7 AVE(1) %AVE(13).PSUMlKII
tint AVE15)xAVE(l5)+PS1S/ThU3
11ip AVERl4)AVE(l6)MADA1/I
111s AME(l7)'VE(l7)+IAIITRUiNS
lilt AVE(l&)AVE(lB)+M117MNI
lilt A E9):AVE(l9)EMERTUN

1113 AEM2) PAVE (21) SAMITRUNS
1114 A IE(1)%ME(2)IUAI7hl
11M AYE(ZZ)*AVE(Z2)4NSAlJTUS
1114 AVE(13)%AYE(23)PUO(TM
1117 AME(MuMUOR4)4SDUAITREIS
Ills AVE (25) 4VE 12) PSPAITRMN
1119 AVEIZaAVE(Z4)sSAITUS

1124 T512tUIOIT37)
11ls USSIZ'NTSI2-NWIEU 4)
1124 WTSI3IIN=T3S)
1127 N51138T513-UII(54)

112 NMTIONT14-UCT 59) -UCUT )
1136 ITSZ34W 1W)

1131 IS312241ff141
112 NSTZ'Iu Z-IU 4 113

112% W SMIIT M )

1137 UISI4 I-UOITI) -11C1 541 41C11 (4) -UIO(4I)-UICIT73)

1139 C

1141 w(IWJL.s.)1II
114 FUTS.1W9

1144 FUCiiiTciinUr
114 mr
1144 MISIA rm11
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1147 PSITS--R.OAT (USIS) IhISAI
1148 CE
1149 MSTV2999
list ElIDIF
1151 C
115Z IF(NNALMT)
1153 PSNTSZFLOAI (MUS) /MSSAI
1154 ELSE
1155 P51(7-999
1154 EADIF
1157 C
1158 IF(NSA1.IATTM
1159 PSISxFLOAT (UtSTS) INSAI
11id ELSE
U641 P5TSz999
114Z ElNIF
1163 C
1144 AVE (27) sAVE(Z7).TSIZT(UM
1145 AVE(28) zAVELZ8).WTSIZ1MUS
1164 AV)AVE(Z9) +*T~)s S131(IJW
1147 YE (36) xAVE (31) .ISTS13TRUU
1148 AVE(3I)oONE(3I)4UTS14TU
1149 AVEUW) AijEQUAS4TS141~TMJI
1176 AVE (33) 2AVE (33)+TW/Tk=II
1171 AYE(34) a#,E(34)+NS T M31
117t AVE(35) *A~VE(35)+NTWI
1173 AVE(36) AW{36).US2TS? Rtt
U174 AVE (37)2ME (37) IIIST =IhI
1175 AVE(38)zAVE(38).tES1riMS
1174 AVE (39) 'AVE (39) .USTTI
1177 AVE(0) s4V (4#) .(STSJM
1171 AVER02)AVERDWISSITUU
1179 AVE (4?) 'VE (42)4PSITTU
11W AVR M(4)'i(4) P SITWI

4 1181 AVE(44)AVE(44).STSITMIS

Ia c
1l13 c Ia1(~)IW

1184 .1

11113
119 W(.G.9T)

11t" 11141fl 31
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1197 ISI23sSTS13NSTSZ3+3NNCKT (8343WNCMT (84)
I Ifl NUPU4NSTS14-NCIT (84) 430NT (84)

UKW YAPeuII(25)
1251 AVE (53) sAVE (53) ,VAPBHWI
U2K IFW3.CT.9)T)E
123 PSMFLAT (kKT (84)) Nl
IM1 AVE (55) --AVE(55) +PSBO,2
123 ELSE
1234SZM
1237E0) "9
UK3 ENDIF
1259 IFNH.T.S)T)
1210 PSAz (OUCT (851 .IINNT (15) 1 /FLOAT WE
1211 AVEM5) -AVE (STI PSA*4?
1U1z ELME
1213 PSAs999'
1214 AVEIS?)--999
121 EUDIF
1214 PSFLS (NUOT (84) WW (85) 4NNCT 15)) /FLOJAT (*MN)
U217 AYE(45)4AVE(45)+SIET(NI
Me1 AVE (44) AVEM )IMVhJI

1219 AE47)sWV(47).tfUIlTIM
1UZI AVE(48)uAYE(Nl)4IWTUN
1221 AAE(49) uANE(49).NI*83TRIJI
122 AVE (5B) sAE(5l) .WdP WUS
122 AVEMPMzAEM5)MUPS/TMM
1224 AVEM(5) AVE(52)AWIRMJ
122 A 4()aAVE(34)PSVTMW
12VA AVE (3U) AVE(56).PAMMII
I17 AVEM (S)AVE (58) PSFLJThU
122 AVE(5flsAVE(59914 4t
IM2 C SET UP IENIEIIT VARIAILE 1INDICIES

1239 F(NS .EQ. RM1
4 1221IFN85

122 EuEIFW 11. M)1)
1IM 1FN*4
1234 EUUF(U.M. 21)1)
IM3 IFM .
W6a LuurwS .. Wzrno

1237 IRK.
12289EFMU .0B. Wr)1)

123 ist
1240 Bli
1241 MVUM3 ES. 30.)TIER
1242 1wew
1243 LKIFIU(t3 .8. 4ff.)flh
1244 WED.?
124" LUMUM1(3 .18. W.)Ml
1246 IIPED3
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1Z47 ENDIF
1248 PRINTW. RCS SET '.11(4)p' SPEED SET 'rlSPEEDr' KNOTS '.11(3)
1249 IR~Sa1I 4)

125t PRINT*
1253 CALL REAIN31
1254 C

1254 PRINT 23U19N3.NSStStf32N3SISPSIUSNJA1,
1257 :N3SAliPS1AtiSNS$HS2NNSSP5~(SNNtA1
1258 :NSAI PSMI ,WEIIS.NSDSI .NSIS2.S.NESISPESCBS.
1259 :NSlSvPSD$.HAIENCPERtNSAItPICKoPSAI
l24 23f FORNAZT2t23,TII. 13.T19.13.T52,13.T59,F5.3,T4?.13,
1241 :T9#t13#TlllvF5.3A) iT2.13tT13,13.Tl9t13t729.13v
1242 738.13.T43,F5.3.T5Z 13,T59.F5.3T&9, 13,t77FS.Z
1243 :T12.13vTIW.F5.3#T11I.F3.3/)
1264 C

1245 CI

12?" CALL HEADER2

1278 OS3*TltT1tSS4VZtSS~

12W PINMT UIIU .SAW SATSi. PSR.N1MW 2

1282 2ff FIBT(Z.7tv~lF5.3.T1F3T1F.T293.T35.
23 ZZ#3T8.S.13T9lT47 it1tT15 3 tT.1.4,tl 3 )

I=3 M I T ZlfvA.PS3. 9S~PSFLPESOS.PrSCT

1117 PRNT

I=W MffNT;' WTE DATASEUTI ',SNt' TO TAPE 49t

11" C THIS SECTION CUPUTES THE STNRI UVINTIUWS

129 IF(IIIAA.CT.U EN
1213 SWW4Ti((AVEIS) -3iPiJE(5))/ IWA131-)
1211 ~SUpSA3s (( (317) -TIN (50) 1 (TnS-lHU
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1297 PRIT.,
1it" PRINT '(33("I"))
11"9 PRINT+
13H1 PRINT~t IFINAL RESULTS MIRN PARAMETERS:'

13ft IFNzS
130 ELSEIF l(ll).E2.1)THEN
1314 IFN'4
L30 ELSEIF (U1C() EQ.5) THEN
13h4 IFUr3
1337 ELSEIF 111) SE2S81THEN
1318 Ft
1339 ELSEIF lUtD).B.1)TEN
1313 IFN--l
1311 ENDIF
131? PRINTWtFORCE NIX# 'tIFN
1313 PUINTW~RCS SET: ',414)
1314 PRINT'I'SPEED : '4113)1' W VS
1315 PtINT*W M.TITUE : onwo?), FEET'
1314 PRINTfi SITE ENITY * ''4I1W)8 SITESINI
1317 MIT*
1318 C
1319 CALL ICARI
1329 ?RWN UZ lff. VE(l) fAVE14) eAVE11t) tAYE113) PAVE 16
1322 :AVEM1) tAVE1?l) RWIAZ) tNAeE3) AWl 14) EAW1)v

1323 :MIS),tAVE91 vE(t) AYE() A1 ) AE11) v
134 :AUEIUZ) tAVE(13) 9AW(?4A)I ~ 135N44 FAMT ZtZ.3T9,FT.3,TISF7,3.TSIF7.3,!59,FS.3i
1324 :T4v7.3,T9,F7.3,Tl 9tF4.41) iTZi I3'T9F7.3iT18.

1327 F7.39TZ~wF.4tT3tF73T43.F5.T51.F7.3t75YtF3.3,
1328 :T47tF7.31T74tF4.3tT29eF7.3tTi3tF4T1 13F6.41)

1329 C
133 C

1331 CALL LADEN
133Z VIM1 V7ffAYEM)9 vAVE(4Z) MW4) .AMC43 tAV(27).

1333 SAIWEIZ) 9AVE(29) MAE=3 tAVEC3II MEW) MAE(=3v
1334 SAVE(34) 9ME(35) tAWE(361 tAYE(371 tAVE(38) #AVE(41) t
1335 1411(44)
1336 273 FOWT(Zt7lYF4.Z.T115,F5.41) 7T2F7.3.T11 iF7.39TUft

ww 13372 F.tT7F.3T4F73T4t7374e7
1321 '1flF7.37T9lF7.3.T98iF7.3tTINtF7.Ttfl'F4.Zt

1339 :7115PFL.4/)
L1341
1241 c
134t CILL. LAW~
t343 PRINT UUtAW(45) tAVE (44) tAVE!!?) MEW 5) tAVE(54)ti
1344 3 WE5S) MUM7 411 tAVE 19) tM(U) tAVE(31)
I=5 14 F0ET1T?.4T1ZF4.4.TU.PF4.5wt21,Fl.3T34.FS.3t
1344 1 29F4.4T44#.f.ZThZtP.Z.i5~S.LZ

164



134.7 : TW4FUMIM~tF.3I)
1348
1349 C
1356 C RESET FOR NETT RUN
1351 C
135? C
1353 DO ZMI1116
1354 AVEM 'S.

1354 ENI1
1357 RT
1355 amD
1359 C
1360 C
1341 SUBROUTINE HEADERI
1342 PRINT Z96'DMAN SURVIVORS't'*"
1363 "TOTAL CORRIDOR CORRIDOR NOTY~PROBYtTOT BSAN't

* 1344 MIIAN #1 'ENTERhNG' i 'EI'TOTAL Al',
1345 VAl PKIC lv'lP9Sl'Oif'it# IIITECTEDI I
1364 :'ESCAPED .ESC''ISiVIMOSY~PS f','AI AREA'S
1347 "9ICOINT0' S3JR IVORS' 'EKTER' ,PSAI'
1348 296 FCWINT/T8iAeT45.AITZAiT44tAtT59iAi
1341 :T4SAT47tAtT77iAiTt tlA/T iAT l~tAt1
137t :T19,AtTZ7vA#T3&tAiT44uAiT56iAiT41 ,AT47,A,
1371 %T7&,A.tItAvT9I.AtT11StA)

1373 B
137 C
1375 C
1374 SUMOUTIE NEAIER
1377 PRINT ffTS1Z 'SI''SI',TAZ',TNZ,
1378 "NOIT','TL'I 'TSAR''ENTERED/SMIED't

13H I WEE'URIE I tIECTED'It 'ESCAPED' I '5139' r 'PSI
131 216 FORAT (TT t1123tAvT4ZtAtT59tA.t77tA.t91At
1L3z uT11evATt14,A/TZtAT9,AT37AT4tAt72#A.
13M IT96,AtTIMfA9119tAtTIM7A)
14 NEIW

UKA C
1w3 C

1366 IhUI 1 M

1393 WO9 PUU (IT?,AwTA.7IAf3ATl3AT?4AtT36.AT35tA,
139 :TUtAvT44va9T7ItAl
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APPENDIX D

DERIVATION OF WEAPON SIGMAS
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Appendix D

Weapon miss distances are normally described in terms of a

singular CEP (Circular Error Probable). CEP is the median miss dis-

tance of a weapon. This does not say anything about the distribution

of those miss distances, only that 50% lie below and 50% above the I:
I,

CEP.

In the model DILUTE hit patterns were modeled by normal distri-

butions with a mean of zero and standard deviation functionally re-

lated to CEP. The following analysis equates CE~xwith the standard

deviation from a normal distribution for a single variate case and

then extend the analysis to the bivariate case.

From the definition of CE~I

X|

E&0 +C&Px

where + and - denotes direction.

Assuming a normal probability density function:

C*CE4 7 (40)

solving for C-7

CEPx/ O x - .68

a- - 1.47 * CEPx (41)
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For the bivariate case:

e e 
l

where:

CEPT - + CEP2  (42)T x y

To solve for Orx and a'y first state one CEP as a multiple of the other:

CEPX = N * CEPy (43)

Substituting into equation (42):

CEPT a CEP 2 + (CEP /N) 2

CEPT - • CEPx

CEPX a * CEP T  (44)

Substituting into equation (43):

CEPy = CEPT/ (45)
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Once the CEP is broken out then the standard deviation for each direc-

tion may be calculated via equation (41).

For ALCM and bomber gravity weapons N = 2, and for SRAM N 1.

The following are the CEPs used for each weapon:

Gravity ALCM SRAM

CEPT 1000 400 800

CEPx 900 360 570

CEPy 450 180 570
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APPENDIX E

CURVE FIT FOR OVERPRESSURE "KNEE" CURVES
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Appendix E

This Appendix includes the curve fits for the overpressure "knee"

curves and the normal distribution used for computing probability of

damage.

Overpressure Curve

The curve fit used was taken from (Ref 25)

Let: SR?4 = scaled Slant Range in meters

SHOB - scaled heights of burst in feet

015 = scaled Ground Range in feet

* DELP = Overpressure

7V? IF IIS U1.. MHEK
7ts T743.141512
729 ELSE
733 ITNSHBDS
731 ENDIF
73? I.lI(634R4(.9)
723 "74MfEfMP31.34SOW4-.ZL36)
734 bEL)P1- Mp-PI) #MS(TTlI W.
733 IF(SR UL. IWICOTO IN
736 N:LOG(SRH)
737 A:I(.S,..3473.IU148MZ89
738 8ZsEIP(.Z592o4 5.8741*V043 4 51.2""lI - 185.'U
739 4248.8)
741 4Z:E1P(.L5t&4U##4 - 4.367800#*3 + 38.61171V*'t - 195#
741 M 1.WA
74? P?: COS{TrT .(*UZ) SIN Ifl)4A.EXP (GZ)

*743 WEP--ELP + n

PD c Ca ltheovrrenue DELP, is calculated the Probability of

Damage (PD) is computed. PD is assumed to follow a log normal distri-

bution with parameters 0( and 4. If PD(A p) follows a lognormal curve,

then Pg(ln(,&p)) follows a normal curve.
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The following transformation was used to obtain a normally distri-

buted random variable with a mean of zero and standard deviation of

one:

Z= ln(DELP) - LX (46)

The probability density function for the standard normal curve:

f (z) e-zz2  (47)

The following curve fit was used to approximate the area under the

normal density function. The curve fit is valid for positive values

of a (Ref 35:49 ):

747 C CONSTANTS FOR RAL CLRVE FIT
748 T=I/ (1*.t316419'Z)
749 i1=.31938153
75# U-J3556782
751 33=.7814779S7
752 14-t.t82Z55978
753 35'L.339174429
754 FZzE.P (-Zl Z) ISM O3. tw4159)
755 C COiIE P9
75 AREA2F'L1il1 T 3'00..? .33T.3 H OW'T.4 ' I5*T*$)
757 KF(Z .LT, #,)TKE
758 PSAREA
759 ELSE
70 Po't.- N
761 ENIF
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4 APPENDIX F

DESCRIPTION OF SLAM ATTRIBUTE VALUES
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The array ATRIB(1) contains the values of the attributes assigned

for each entity. This appendix contains a description of the attributes

assigned to the penetrators. Where more than one description is given

the role of the attribute changed as the entity traveled through the

network. This was done in order to conserve computer core memory.

ATRIB(l) = Type of penetrator (l=Bomber, 2=ALCM)

ATRIB(2) = Speed of penetrator

ATRIB(3) = RCS level

ATRIB(4) - Altitude

ATRIB(5) = Detect =1/ No detect=O
Kill =1/ No Kill =0

ATRIB(6) - Time to enter the first point of possible SAM encounter
• Index to determine the launcher assignments for the SAM

ATRIB(7) - Distance offset from SAM site

ATRIB(S) - The time that the penetrator exits the SAM coverage

ATRIB(g) = Time of next GCI detection

ATRIB(lO)= Sequence number of the penetrator

ATRIB(ll)- Zone to which penetrator is targeted (ALCM)

ATRIB(12)- Bomber time of SRAJ launch in Zone 2

ATRIB(13)= Bomber time of SRAM launch in Zone 3

ATRIB(14)= * Time of Bomber penetration into Zone 4
" Time of ALCM penetration into Zones 2, 3, or 4

ATRIB(15)- Corridor number of penetration

ATRIB(16)- Number of missiles the flgnter has left after an engagement

ATRIB(17)- Slant range of SAM encounter

ATRIB(18)- Enroute time to the next AI encounter

ATRIB(19)' Time of exiting the current GCI radar coverage
. Total number of weapons released by the entity
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ATRIB(20)- not used

ATPIB(2l): Entity's target assignment within Zone 1

ATRIB(22)- Entity's target assignment within Zone 2

ATRIB(23)- Entity's target assignment within Zone 3

ATRIB(24)a Entity's target assignment within Zone 4
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APPENDIX G

SIMULATION RUN OUTPUT
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This appendix contains the output from a single run of the model

DILUTE. Force Mix 3 (200 ALCM/ 20 Bombers) was used. RCS and Speed

were set at level 2. The key variables used in data analysis were

PROB ESC (Probability of Escape - that is the probability that a pen-

etrator will egress the SAM coverage while the site is either tied

up with other penetrators or has exhausted its supply of missiles),

BSAM PS (Band SAM Probability of Survival), PSAI (Probability of

Survival of the AI threat), TSAM PS (Terminal SAM Probability of

Survival), VAPD (Value Average Probability of Damage), and PSB (Prob-

ability of Survival of the Bomber). W1here there are three rows under

a heading the first row pertains to Bombers, the second row pertains

to ALCMs, and the third row shows the total for both ALCM and Bomber.

FOR AN NIE !

RCS SET Z. SPEEDSET2 KNOTS 6H.

TOTAL CORRIDOR CORMID NOT PR TOT A ISANR EIITGI EXP TOTAL Al Al PDCSK/
PENS #1 2 DETECTED ESCAPED ESC SRVIVORS PS # At AREA ENONTERS SURVIVORS ENCOUNTR PSAI!
zo 8 9 17 .8m 17 9 .529

2U 65 66 131 .655 124 94 .758
229 73 75 3 82 .378 148 .673 141 1.11 193 .244 .738

TSANI2 TSA13 TSMA14 TSNA23 TSAR2? NOT TOTL TSi
NTEREDSIS VIYD ENTERD/SUVIYD ENTEEDIS IVaO EN /SURIyE ENTERED/SURVIVED ETECTED ESCAPED SUR PS

2 .2.7.
2 .121

17 0 is 1 35 Z 17 1 19 1 1 0 4 .039

4IssIOI EFFECTIVENESS VEAuINS DEIVuED TOTAL
N ALCI VD5 PSI P!A PSEL Z0111ZOO2Z1131N14 WN

.475 .45 .4646 .1 45 .0f5 24 37 37 6 194

INITE DATA SET# 1 TO TAPE i9
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APPENDIX H

The first two pages of this Appendix contains a sample

of the SPSS program used to analyze the data obtained

from DILUTE. The remaining pages contain the output of

the ANOVA experiments discussed in Chapter V.
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THE INPUT FORNAT PROVIDES FOR 15 VARIABLES. 15 4ILL BE READ.
40 11 PROVJIDES FOR I RECORDS t§CARDS.) PER CASE.
41 A flIIS OF IZI 'COLUfWS' ARE USED ON A RECORD.

43 NISSMX VALUES ALI.(9)
44 VAR LABELS 1FMlFORCE Ml
43 ISPEEDPSPEEb/
44 IRCS.RCS IN D& DORM FRO% REFERENCE/
47 VAP~vYALuE AVERAGE PROSAR1LITT OF DAMAGE4
48 P SBBStPROB OF SM3 OF OMRS AT SD SAN

49 PSNIS iPROD SURV OF ALS AT BAND SAN/
50 PSBAIPROl MUY OF LOWS IN Al tI.5..A

q,51 PSNAIvPRB SUR OF ALCUS IN Al AREAJ
52 PSITSoPROB SURV Of BORDES AT TEflINL So
53 PSNTStPROB MUY OF A.CRS AT TERMIUNAL WeM
54 PSAvPRQB SURY OF ALCN FORCE/
55 PSBvPROB SURV OF BONME FORCE/
54 PSFLPRO SURV OF FLEET/
57 PESCISPPROB ESCAPING IMS SAR
50 PESCTSMPON ESCAING TERN SANI
5,
66 VALUE LABELS IFN M1 I AMC H8 IORDERS
41 IFN Q) 81 .CN 3Z DONDERS
41 IFlh (3260 AM 21 UP"ER
43 IFN (4)320 ALCN I BONDERS
44 IFN 15)3H M.CN I INERS1
45 ISPEE IN0 KNOTS (MM4 KNOTS 13)80

44IRCS (1) DI W i - 1(3) -Z# N
47 IMINT FORRATS VAP2 TO PESCTS (41
d48 PWS8 51 IFR(I,5),ISPEE(1,3)vIBS(tt3)/

49 PIRDS DV [fN(1,S).ISPEOl(1#3hIRCS(1,3)1
1 STATISTICS ALL
7t
72 MW0719CR NEEDED FOR ANOVA
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I YOGELBACK C3RF!IT INC CENTER
NORTRUEcSTERERN UMIVERSITY

4 S P S S - STATISTICAL PACKAGE FOR THE SOCIAL SC1EMCEI

b WISION S.6 -- JUNIE 161- 119
7

11 --I A E amILUTE
12 VARIADLE LIST IFNISPEEDIRCSVAPDPSflSPSNBS#PCABAI Pm
13 PSITS ,PSRTSPSAPSRPSFLPESCE ,PESCTS
&4 INPUT NEDIUR TAPE
15 N OF CASES 451
16 INPUT FOANAT FIXED (TZtFZ.IPZ2RFZ.Ott2XF2.St 12 oIF9.5)

17

19 ACCORDING TO IOUR INPUT FORMAt, VARIABLES ARE 70 BE READS

21 VARIABLE FORNAT RECORD COLiUNS
22
23 Wnh F2.R 1 1 - 3
24 ISMEE FZ. I 1 6- 7

25IRCS FZ.0 I 13I- 11
Y AP% F 9.5 1 14- ?Z

27 PSIRS F 9. 5 1 23- 31
28P518 F 9.5 1 3t- V

M9PRI F 9.53 1 41- 4
30 P5181 F9. 5 1 56- u
31 MSTS F1. 5 1 51- 67
3z MYNS FP9. 5 1 is- 76
33 PSA F 9. 5 1 77- 05
34 PSI F 9. 5 1 86- 94I
35 PSFI. F 9. 5 1 W5-103
36 PESCIS F 9. 5 1 114W11
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4 4 44 4 f I t 4 f f

9

SEFF:-CTS 6685 L~

ISPEED IRC 1*t 'Z Z .

I"3-WAY !WrERACTIONS .;:V 5W.- Ii-
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I APPENDIX I
MODEL VERIFICATION
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This appendix includes computations and portions of computer out-

puts to support model verification. Included in this appendix is a

sample output from Program PSI, Program SAX, and extracts of a TRACE

report.

Program PSI

Program PSI uses the inputs of weapon yield (YIELD), height of

burst (HOB), ground range miss distance (GR), and the parameters to the

log-normal damage function cc and , . These terms are discussed in

detail in Chapter II. These inputs are used to determine the over-

pressure (6p) and Probability of Damage (PD) on target. The program

first scales HOB' and GR for weapon yield as described in Chapter II.

PSI then calculates the overpressure on target by using the curve fit

to the overpressure curves shown in Figure 9. To calculate the Prob-

ability of Damage, PSI then uses a curve fit to the cumulative normal

probability distribution. The curve fit equations are shown in Appen-

dix E. In order to verify the output from Program PSI four sample

cases are presented:

YIELD HOB GR 4K

Case 1 200KT 4000' 600' 2.197 .3

Case 2 IOOOKT O' 4000' 2.079 .3

tase 3 200KT 4000' 3000' 2.197 .3

Case 4 200KT 4000' 6000' 2.197 .3

To calculateApand PD, HOB and GR are scaled for weapon yield. The

following scaling equation (see Chapter I) was used:
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Scaled Distance = Actual Distance

(YIELD)1/3

The scaled values for the four cases are shown below:

Scaled Scaled
HOB GR

Case 1 684 103'

Case 2 0 400'

Case 3 684' 513'

Case 4 684' 1026'

Overpressure was then determined from the graph in Figure 9 using

the scaled values as entering arguments. As discussed in Chapter II,

Probability of Damage is a function of overpressure and follows a

lognormal distribution. To "normalize" the overpressure, the follow-

ing transformation to the standard normal distribution was used:

Z ln(A) -CA

where:

z - normally distributed random variable with a mean of zero and
standard deviation of one.

a parameters of the lognormal distribution described in Chapter 11.

Once the z random variable was calculated the Probability of Damage was

determined by extracting the value from a normal probability table

(Ref 31:468). The overpressure and Probability of Damage for each of
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the four cases is shown below. The two columns on the right are the

values of a p and PD obtained by the manual procedure described above.

The two columns on the left were the values of ap and PD as output

from Program PSI.

PSI MANUAL

a P PD Ap PD.

Case 1 40.57 1.0 45 1.0

Case 2 74.57 1.0 75 1.0

Case 3 26.19 .9998 26 .9998

Case 4 13.68 .9186 16 .g724

All cases except Case 4 show exact agreement between the computer

program and manual calculation. Case 4 differed slightly because of

the slight Inaccuracies incurred using the curve fit equation. This

deviation does not impact the results of the model.

Program SAX

Program SAX is a mini-simulation of the SAM encounter. The program

starts at the initial encounter range which is a function of the initial

detection range and the time spent in the SAM queue. Once the initial

encounter range is determined the single shot probability of kill (PKSS)

is determined and is a function of range and either jamming-to-signal

noise ratio (J/S) or signal-to-noise ratio (S/N). The penetrator is

tracked until a PKSS of .2 is attained at which time the SAIl begins to

fire missiles. For a full description of the SAM encounter see Chap-

ter II.

Shown below is a sample output for Program SAX. For this engagement

the following inputs were used:
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Type penetrator x 1 (indicates bomber)

Speed - 380 knots

RCS level - I

Missiles Remaining on Launcher - 4

Offset distance a 1O.Onm

Initial encounter range - 15.0nm

Time at initial encounter - 1000.00 (hours.minutes)

Time of exiting coverage - 1001.76

The output:

£NrE; rYPE FE ,SFE-ED IN KWOTSRCS SETOSLS
6Z090 C? S73RAGE USED,
I..92 CF SECONDS CCW-4L4T 1,4 T t E.

EN:R f OUT OF COVERACE

1lE XRIG AZ IAZ SIVAT CEP PKSS MNLS LEAD ACLE
2v9 1.6 46.3 5 21.1#0# 248. .11896 4. 1613

* .41 S. 6 4q. 4 5 Z.Ot9 I31. .Z: .61# 1, .4

F1IING ZOjS. 4AT 71AE .4#769473484611

.7Z 4.6 33.4 6 35.061 154, .4 1: 3. 7.,
1.4 4.5 24. 7 4#.$#9 1Z. .537Z Z. .9
t.37 2.4 13.7 8 3.5 0### 1, .994 1. ,

PENETR4TGR WAS KILLED BY ShOT 3
AT TI"E !##1.374414455
TOTAL TIOE IN COVERXE 1.274414454698

END SAX
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The column headings are defined below:

Time : elapsed time during the encounter

XRNG : distance remaining to exiting coverage

AZ : the relative bearing of the penetrator. Zero degrees is
nose on to the site while 90 degrees is abeam the site.
This relationship reverses during the firing sequence with
zero degrees being the limit of the SAM azimuth coverage.

IAZ : used in determining the penetrator's Radar Cross Section
(RCS). RCS is a function of azimuth and is divided into
10 degree increments. IAZ is the integer value of AZ
rounded to the closest 10 degrees.

SIGMAT : the penetrator's RCS actually used. SIGMAT is a function
of RCS level and azimuth.

CEP : SAM missile Circular Error Probable. CEP is a function
of range and either J/S or S/N. The equations used are
discussed in Chapter II.

PKSS : single shot probability of kill which is exponentially
determined and is function of lethal radius (LR) and CEP.
See Chapter II.

MSLS : missiles remaining on the SAM launcher.

lead angle : the number of degrees which the penetrator must be lead to
affect an intercept. This is determined by proportional
navigation and is a function of the encounter geometry
and the relative velocity between the SAM missile and the
penetrator. Lead angle has no meaning until firing commences.

The output shows how the site tracked the penetrator until a PKSS of at

least .2 was attained. One notices that as the encounter progresses

the XRNG is decreasing, IAZ is increasing, and RCS increases as the

penetrator turns to a more broadside profile. The higher the RCS and

the closer the range the smaller the CEP becomes. PKSS increases with

decreasing CEP. Shots are fired until the penetrator is killed, leaves

coverage, or the launcher runs out of missiles. There were three shots

fired with the third shot resulting in a kill. This left one missile
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remaining on the launcher. All calculations were verified with TI-59

hand calculator programs using the equations outlined In Chapter II.

TRACE Report ......

The following is an extract from a SLAM TRACE report. From the

TRACE penetrator #63, a bomber, was selected as the example to be

included in this appendix because it was successful in penetrating all

the defenses and releasing all its weapons which were targeted in each

zone. During this penetrator's travel through the network, every major

portion of the network was excercised. The penetrator is followed

from creation to termination. The following,then, is the saga of

penetrator #63:

Elapsed

Time Node Comments

0 1 Creation

TGTI Target Assignments

.09 SAM1 Queues up for encounter

2.00 ESCI SAM was saturated. Entity departs BSAM V

with no encounter.

Zl Attacks Zone#l - strikes target #14

FTR1 Enters fighter threat

ASN5 Sets the time for SRAPI launches into
Zones 2 and 3, and time of gravity
weapon drops into Zone 4.

ASN6 The times in and out of the first GCI
encounter are calculated.

8.85 FCAP Queues up for a fighter

CAP Fighter is immediately available. Entity
is assigned to fighter group 1

13.25 AIG Fighter encounter is over. Encounter
duration was 4.4 minutes.

ASN6 Entity survived encounter and is sent
back for possible subsequent encounter.
Times in and out of next GCI area are
computed.

193

• . I !



32.00 TMZN Fighters were tied up. Entity waits
until scheduled time at TSAM. Entity
arrives to the terminal area.

32.01 TS14 Entity enters TSAM, Zone 4. Offset
distance from SAm was approximately
zero therefore entity enters SAM envel-
ope immediately and queues up for TSAM
encounter.

32.53 L14 Entity stays in queue .52 minutes before
he is tied up with a launcher.

33.58 Survives the TSAM encounter
Entity successfully releases 6 SRAM
and 3 more gravity weapons.

TZZZ Penetrator #63 terminates the mission
successfully.
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VITA

Captain Randolph William Gallas

Randolph William Gallas was born on 16 July 1949 in Chambersburg,

Pennsylvania. He graduated from high school in Shippensburg, Pennsyl-

vania in 1967 and attended the Pennsylvania State University graduating

in June 1971 with a Bachelor of Technology degree in Electrical Engin-

eering. In 1971 he entered Officers Training School and was commissioned

In October 1971. He attended Undergraduate Navigator Training and re-

ceived his wings in August 1972. He then served as a KC-135 navigator

and flight instructor with the 22nd Air Refueling Squadron, March AFB,

California until 1977. He was then assigned as a squadron training

flight instructor, and standardization and evaluation navigator with the

46th Air Refueling "Mosquito" Squadron and the 410th Bomb Wing, KI

Sawyer AFB, Upper Peninsula of Michigan. He entered the School of

Engineering, Air Force Institute of Technology in August 1980. He is

married to the former Ann Marie Burkholder, and they have two daughters,

Tina Marie and Melissa Ann.

Permanent Address: Tabor Road, Box 76
Newburg, Pennsylvania
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VITA

Captain George James Ferren

Captain Ferren was born in Lynn, Massachusetts on October 8, 1950.

He graduated from Lynn English High School in 1968 and attended the

University of Massachusetts at Amherst. He graduated in June 1972 with

a Bachelor's degree in Operations Research and received his ROTC commis-

sion into the United States Air Force.

After completing navigator training at Mather AFB, Sacremento, Cal-

ifornia he was assigned to the 17th Bombardment Wing, Wright-Patterson

AFB, Ohio as a Radar Navigator flying in the B52H. After a short tour

of duty in the B52D at Utapao Airfield, Thailand, he was assigned to the

319th Bombardment Wing, Grand Forks AFB in July 1975 where he served as

a squadron instructor Radar Navigator. Moving over into the 319th Bomb

Wing Staff in May 1978, Captain Ferren completed his northern tier assign-

ment as the Wing Missile Operations Officer in charge of SRAM operations.

He entered the Air Force Institute of Technology in August 1980.

Captain Ferren is married to the former Carolyn F. Johnson of

Sacremento, California. They have three children, William Andrew (12 years),

Teresa Sharon (11 years), and Christine Aspacia (9 months).

Permanent Address: PO BOX 375

No. Windham, Maine 04062
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